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15th BIRTHDAY OF ACADEMICIAN E, V. BRITSKE 


Highly respected and beloved Edgard Viktorovich’ 


. The Division of Chemical Sciences of the Academy of Sciences USSR send you their best wishes on the. 
occasion of your 75th birthday, and of the 50th anniversary of your scientific, pedagogic, and social activities, 


It is difficult in this short greeting to enumerate all of your valuable contributions to the development 
of chemistry and chemical industry in our county, During these many years you have trained a very large 
number of chemists and engineers, who are now working productively in various branches of science and indus. 
try, among . whom are to be found a number of academicians, associate academicians, and arena who 
are worthily carrying on the work of their teacher, 


As one of the active participants in, and organizers of, the Soviet system of scientific wiiatiie stein 
and industrial establishments, you made a great contribution to the industrialization of the Soviet Union, to the 
creation of its chemical industry, and jo the realization of the Stalin Five-Year Plans, From the very beginning 
of the October Revolution up to the present day you have successfully held leading positions in scientific and 
scientific-technologica! organizations, and you worked actively :n the Higher Soviet for National Economy. and 
in the National Co;ninissariat for Education, You took part in the creation of the basic chemical and fertilizer © 
industries, and in the construction of a number of factories and mining establishments, You devoted much 
energy to the organizatior cnd management of the Institute of Applied Mineralogy and of the Institute for 
Fertilizers and Insecto-Fungicides, You were the fizst Academician-Secretary of the Division of Technical 
Sciences of the Academy of Sciences USSR, and you were the Vice-President of the All-Union Academy of 
Sciences, In your capacities, first of Professor of the Riga Polytechnical Institute, and then of the Plekhanov 
; Institute of National. Ecorzomcs, and the. Moscow Higher Technological School, you gave - leadership . 
a: t0.a.vast ~ school of industrial chemists, As a member of the All-Union Academy. as well as of the : 

: V.L.Lenin Academy of Agriculsural Sciences, you took part in the planning of research werk, thus contributing 
to the devclopment of the chemical and metallurgical industries and of agriculture, . 


Your scientific research work in the Institute of Metal! iurgy of the Academy of Sciences USSR led to the 
development and introduction into industry of new processes for uweatment of minerals, , 


‘During the Great Patriotic War you displayed great adminisirative ability as the Vice-Chairman of the 
Commission for Mobilization of the ‘Resources of the Urals for the Needs of Defense, 


A characteristic feature of your activity is your constant effort ane linking dete with practice, and 
towerds introducing science into industry. 


Your extensive researches on the physical cheinistry and improvement of methods of treatment of catseiiiin, 
and towards finding new ways cf processing natural phosphates and sulfur, arsenic, fluorine and other ores, and : 
your profound studies of thermal processes and of physicochemical properties of products, have led to the formula 
tion of a number of theoretical rules applying to metallurgical and techndlogical processes, based on the most - 
recent advances in pliysical chemistry, 


A thermal process for distillation of phosphorus from its ores, with the utilization of the gases and slags - 
Produced, was worked out on the basis of your discoveries, as were also a process for the complex treatment of 
Utanomagnetites, and processes for the production of concenwatcd fertilizers and of arsenical insectofungicides, 
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The Government has valued your work very highly, awading you a Stal: Prize, 1st Class, and a ncmberx of ozders 
The Division of Chemical! Scieuces of the Academy of Sciences USSR wishes you health, strength and long 
life, for the coatinuance of your creative work, which is directed towards the deyelopment of Soviet chemistry and 
technology, and towards the strengthening of the power, prosperity and culture of our great Fatherland, 
. Division of Chemical Sciences, Academy of Sciences USSR . is 
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PERIODIC LAW OF D.. 1 .MENDELEEV AND THE STABILITY OF CO-ORDINATION 


A. A. Grinberg and K. B. Yatsimirsky 
One of us, when compiling the second edition of the monograph *Introduction to the chemistry of co- , 
ordination compounds® [1], in 1950, considered the question of whether any connection exists between the posi- - 
tion of an element in Mendeleev's periodic table and its ability to form co-ordination compounds, This study 
” was based on a statistical treatment of the experimental material, and led to the following conclusions: 


1. The tendency towards formation of co-ordination compourds is least in elements of Group oO, an in’ ay 


elements of the ey neighboring Sub-groups a ot Groups I and Vil (possessing the most sable electron 
shells). 


2. The math compound is to be fount among the elements. 
of Group VIII (having the most labile electron shells, with unfilled d-levels), The elements of groups adjacent to 
Group VII, are similar . to these; this applies in particular to copper, silver and gold, which Mendeleev consi- 
dered to be adjacent to the corresponding Group VII elements, and to a smaller degree to elements of the zinc 
sub-group ant to those of sub-group VIT (0). 


3. ‘Thas, in the lorg periods, the capacity for forming co-ordination seer to be smallest at 
the margins, and greates: at the cetter, 


4, The same applies basicall y to the st-oct pe riods Ne) ard (Na~—> Ar). The precise localization 
of the maximum is unlikely to be deztyvable iom a statistical approach, 


5. The *vertical® re, slezity found in the chief sub-grccps appears to be that the power of as 
a central ion !s connected with a certain optimum range of values of “ten:ion® of the ionic field, Very small — 
values of this propeity are associated with an abrupt-fall in the —e towards complex formetion, Very high 


values are associated with increase in sig sghility of the complexes with certain addenda (F, O), but the diversity _ 
of possible addenda is reduced, - 


it will be evidest Ecm the above that within sub-groups Ia and Ila the tendency. towards compiex forma= 
tion falls with inczeasirg atomic weight (volamé} of the eleinex ts, whereas the reverse appears to apply to sub= 
gioxps a of Groups VI, and Group elements should occupy an intermediate position, which is parti- 
cularly Pevident when this sx is conside: ed toge: ‘her with the lanthanides, 


The vertical regularity found in scape ups b is ion uniform, An important part is here played by the type 
of electron shell of a given element, It may be said, very gererally. that there is a tendency within these sub- 
g:oups for complex-fozming capacity to increase parallel wish the atomte weight (copper, silver, gold; zinc, cade. 
mMinm, mercury; gallium, tndicm, thallium; manganese, rhenium), The ozder in which the elements may be 
a:rarged may, however, vary acco-dizg to. tte type of complex whose st ability, is being compared, 


The above observations are, ad course, only a first appzoximation to the answer to our problem, but even 
so they permit of the forecasting of the pzoperties of a number of compounds, Bjerrum [2] attempted in.1950 to 
classify co-ordinetion compounds acco:ding to their stability in aqueous sclution, on the basis of the periodic law, 
but kis work is obviously of only very limited scepe, Not only does thus author confine his studies of complex- 
formation to aqueo:s soluciony he draws no c onclusions regarding changes in the stability of the compounds 

. sheng the periods, and says very little as to the natwe of the stability variations within the groups, 


it should also be noted chat the pazallelism | noted by Bjeczum between the basic properties of addenda and ’ 
tleiz capacity for forming co-ordinaiton compoads with Lons of metatlic elements has long since been pointed 
out by other authors, Howeve:, Chugaev [3] quite rightly .aid 1906 that basic properties of amino-nitrogen, 
whe:hez of diamines or of mono-dmires, cannot be considezed to be the sole factor determining the degree of 
stability of co-ordination compounds, It 1s evident that come other factor or group.of factors, the nature of which 
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We shall in this commsnécation attempt toclarify the connection between the periodic system and the 
capacity for co-ordination compouid formation, based on a quantitative study of this property. The quantitative 
aspects considered will be the energy of formation of th. caseous complex ions, calculated oe to Yatsi- 
mirsky*s method [4] and also the instabiliy constants, 


‘The former magnitudes characterize the pzocess of complex Seniei. in its pure fozra, so to pitti ‘The 
‘latter characterize differences between the stability of a given complex ion and its correspording aquo-ion, How- 
ever, inasmuch as aqueous solutions represent the most important practical case, although only a particular one, 
the selection of instability constants as a measure of the stability of the compounds seems to be justified, both from 
the theoretical and the practical points of view. 


The relation between the two parameters selected by us follows from the following considerations, It + has 
been shown by one of us [5] that in reactions of co-ordination compound formation of the same type the change in 
entropy reimains constant, Hence in such cases the heat of formation of a given compound in aqueous solution 
differs from the change in free energy associated with this process by some constant amount, The heat of formation 

, .of the complex in aqueous solution characterizes its — and we are justified in using thermochemical cycles 
for the evaluation of free energy changes, . . 


Let us consider the following thermochemical cycle, for the process of formation of the complex ion 
(M An}* from the central ions M”*and n addenda A: 


Gaseous complex fons and ‘ Caseous aquo-ions and gaseous 
water molecules: molecules A 

Complex fons in aqu.ozs Simple ions in solution and 
solution addenda 


L, and L, represent the heats of hydration of th the ions [M an} * and W, and Wy 
are the *addition energies® [4] of A and HO, respectively, to the gaseous ion Mw, HO is the latent heat of 
vaporization of water, and A, is the heat of hydration of the addendum A, , 


- 


We obtain by summation of changes in enthalpy in all sections of the cycle 
AH = (Wy—Wz) + 


- x 


For reactions of the same type the last term is constant, and the penu)timate one approximately so, whence 


Taking into account the constancy of the difference between change in enthalpy and free energy, and the relation 
between the instability corstart and the latter magnitude, we finally obtain the following expression: . 


RT ln K~(W,—-W3) Const,. - 


This expression show; that a direst connection exists between the instability constant and the energy of teeietes 


of gaseous tors, The ry constant is, as a first approximation, equal to the difference between the addition 
energies, 


- 


_ ‘The experimental values nivea in Table 1 ase in good agreement with those calculated from the expression. 


Unfortunately, our quare:a tive cannot yet be applied to all elements forming co-crdinstica 
and all types of compound formed by ckem, The reaszn for this is that or the one hand we possess _ 
epproximately accurate wumerical data for the enezgy of formation of gaseous complex iors for a faw cases oaly 
(aque- asd amirs-20n3), ard on the other that we possess insufficient data relating to instability constants, Never- 


* theless, a study of this ra has enabled us to arrive at certain quite interesting conclusions, applying in pamngetas 
to elements of the subordinate stl-y:-oups, 


™ 
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TABLE 1. 


~ 
=] 
Cc. 
- 
= 
o 
< 
a. 
a. 
o 
2 
-& 
< 
t=] 
- 
o 


Free energy a 
formation of 
the complex” 
QZ =RTInK 


Complex ions Addition energy 


in kcal . (W3) 


~adition ene! 
for the hexa- 
aquo complex.” ; 


Diffezence be- 
tween addition 
energies 


[4) 300 [4) 


3594) 324 [4] 
[Ni(NHs) [4] [4) 
[Coens¥ 372 [4) . 324 [4] 
[Nien,f* 383 [4} _ 383 [4) 
[Znenf* - 372 _ 331 [4) 


‘We shall now proceed to compare 3 : 


(a) ions with an analogous structure of the outer yciainn shell, but with different i and radii, and 
_ (db) ions with identical charges, but with different structures of the ower electron shell, - 


The laws:governing tendency towards co-ord'nation compound formation can readily be for fons 
possessing an outer electron shell of the inerc gas type (2 aud 8 electrons); this :efezs above all to tons actuslly 
able to exist in solution; i,e., in gezezal those having charge of not more than- 3. 


Sucr iors (in paticular, uni~ and bi- valent ones) form complexes teld ‘ania chiefly by elec crostatic 
forces, The stabii‘zy of the complex is here determined basically by the magnitude of the charge and byt Oe. : 
ionic radius, For this ze¢ason, the heat of formation of suck — vaties paralle] with the che:ge of the fon, © in 
and inversely with its radius : 


; In accordance with the above, the stability. a complexes fails with ‘one in the atomic number’ - 
The ions this group do sot charactertstically form 
t TABLE 2 Nr : , plexes with addenda whick chiefly give rise to covalent lirkings 
. Addition energies for hexa~aquo-ions (8: , CNS’, $,05, CSN,H; etc.), Complexes with addenda fo:ming . 
and hexa-amino-ions of elements of. "intermediate® type linkings (NH5, are unstebie, The 
II of the Periodic Table icns of sub-groups a of Mezdeleev"s system yield complexes witch 


_ are stsble in solution, with eddenda which are bound to the ceszal 


"Addition enezgies for fons ion basically by electrcs:stic forces O*, B,0). As far” 


rk . fons with an inert gas typs of electron shell, the stability of ts o : 
IMG20)¢ complexes, in che gaseous state or in solution, rises from left to a 

411 [4) right in the periods, and falls from above down in the groups, stace 

it depends besically on the charge and the radius of the fors, It 
Mg? 300 320 [4} 
a may be expected that the stability of complex fluorides and ory~ - 

Ca 257 [4] 237 [4] 

set 219 [4) 198 [4] ions of the higher valency "ions" of the right-hand side of the pext~ 
1 371 odic system (such as s*, etc.), which are not enceurteced 
in the free state, should ako rise from left to right along the periods, - 
| the dominating rele of electrostatic characteristics being retaired,. 
; Deviations from the rule may be expected here, however, owing to 
; _ increase in the role played by covalent bonds as the charge increases, 
relative stability of of this type sould also fall above down ia the verticel groups, We £ 
i that we are here speaking of fons an electon shell of the lect ‘gas ty PG such ionsas : 
Sb**, etc., are not considered ki 


‘Substantially di fferent rules are Seal for ions of elements of sub-groups b of Mantilbeess Table, with 18 
electrons in their outer shell, Co-ordination compounds with pr ny clectrostatic bonds are not charac= 
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teristic of this group, widsis which the binding forces between the cent: si ion and the addenda are .ypically of a 
mixed nature, We find here that with the jowic type of bond, stability should diminish down the groups as the 
atomic number rises, whereas with the covalent tyre of bond the stability of the complexes should be at a maxi- 
mum for elements of the 6th period (effect of ionization potential), : 


As a result of the summatict of these oppositely acting factors it is often found that within sub-groups b 
the heats of formation of the corresponding gaseous ions fall initially, and then rise abruptly (Table 3), 


The same observation applies to the free 
energy of formation of the corresponding — 
in aqueous solution (Table 4), 


TABLE 3 


Addition energies for gaseous ammine-cations formed 
from elements of sub-groups b. 


Addition | Complex ions 
energies 


The more clearly defined is the covalent 
nature of the bond, the more steeply does the 
stability of the complex rise, from above down 


(Table 5). 


Addition 
enerzies 


Complex ions 


Spay of iodides, the change in free energy of formation of 
[Au(NH,)3]7* 160 [4] | 


—o complexes varies very abruptly in a vertical direc- 
tion, but much less so in the case of chlorides bro- 
mides occupy an intermediate position, It is of 

: interest that increase in the charge of the central 
ion does not in this case lead to increase in the stability of the complex, but even to its slight diminution, at 
least in the cases studied (with the exceptioas of Aw and Hg bromides), 


- 


TABLE 4 


Change in free energy ir formation of compiex iozs in aqueous solution (AZ) 


Types of complexes 


(M( 


| 


—12.9 [6) [10) 
— 9,7 [6) 
Hg** [6) - -81.0 
Very little material is available relating 
TABLE 5 to the stability of complexes formed from cen- 


Change in free energy in formation of halide complexes 


Complex ions] AZ =RT In K] Complex ions AZ =RT InK 


tral ions pons an 18 + 2 electron shell (Su**, 
pb**, sb**, etc.), The dehavior of these 
ions in many sunpedie resembles that of 18- 

electron shell ions, but there are also certain 


Chlorides significant differences, 
[Cucl,] — 7,54 [11] [ZnCl,) - — 0.20 (14) It is of considerable interest to compare 
—1,70 [12] |} [CdCl,y — 3.70 [15]. the stability of complexes formed from central 
(HgCl,y- —120 16) ions possessing an identical charge, It is here 
: ; possible to follow the effect of the structure of 
wueepagne the outer electron shell on the stability of the. 
[CuBr,]” — 8.05 |] 1.4 114) complexes, since in this case the radius of the 
—14.¢ — 4.6 (15) ions remains approximately constant within a . 
—16.9 [11) |] [16] period Fe**, Co**, ni®*, cu**, and Zn**, 
lodides or Mn**, and Fe? “The stability of com- 

. plexes in which the ionic type of bord predomi- 
{Cul,~ 12.00 (11) |] 1.8 114) nates (fluorides, phosphates, sulfates, etc.) is 
—20.4 [13] || — 6.8 [15] determined by the inagnitude of the charge and 

rey —-41L3 911) by the dimensions of the corresponding fons, and 


. 
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this zeason such oum:plexes are not very typical of uni- and bj-valear ions, but are highly characteristic of ions 
with charges of 8. or more, The stability of complexes having # type of chemical bond approached to the co=_ — 
valent one is determined by the :nagniride of the ionization potential (4) which is connected with the structure oe 
_of the outer electron shell, 


The stability of the complexes rises from left to ~~ along the periods (according to the increase in the 
number of d-electrons) to a maximum, and then falls abiuptly, beginning with the element having 10 d-electrons 
(18-electron ion), The possibility of a fatl in the complex-forming czpacity cf elements before the filling of the 
soe. orbit is not, however, excluded, This may occur when the given ions possess a well-marked oxidative _. 
action (Ni®*, Cu**, Ag**, etc.). Increase in the redox is up.to a certain limit associated with increase 
in the stability of the complex, but above this limit the central fon decomposes the addenda, by. oxidizing them, - 


Table 6 presents changes in free enezgy assoriated with forme tion of a number of complexes of bivalent - 
central ions, In all cases the stability of the eee rises to. cu, and then falls sayy, starting | with 2: 


- 


Change in free energy (AZ) in formation of certain complexes in aqueous solution 
: Type of complex Central ions 
Fe* Co Nr cut 


- —2,9[6) | - 3,706) | — 5.65 [6) | — 3.22 (6) . 
[M(NH,)F* - —4,5[6) |° -10.82[6) | -17.2 [6) | 12.90 
—3.7 [6] | — 5.8 [6} — 8.0 [6] —10.20 [7] | 714.3 [7] | =.7.77(7) 
(Men, —6.5 [6] | —10,2 [6) —14,6 [6] —18.75 [7] | [7] 14.10 [7] 
- [7] | -14.4 [1) | — 8.00 [7) 
[Mpn, 7 (1) | -26.7(7) | 16.65 
| —1.9 10) | 41.710) —17.4 [10) ~19.9 fio] | -25.6[10) |} -19.9f10) 
A similar order is found for addition energy, i.e., for the keat of formation of gaseous complex fons fiom . 
| gaseous central ions and addenda (Table 7). 
Addition energy for gaseous ions [4] . 
Type of Central ions 
complex cr Te Fe? | co | cut] Ze 

(M(H,0),F* | 257 288 324 | 329] 348 | 9331 
| [M(NH,).F* [237 se 314 | 337 359 | 370] 3388 | 366 


; The results described above may serve for the prediction of the possibility of existence and the stability 

of as yet uninvestigated may be supposed that of complexes of the type 
derived from the ions Fe* , and Ni shoud increase from Fe® Ni?” , and that the free energy change assoc- 
iated with their formazion should be within the limits—7.5 to—14 kcal. . It may also be supposed that the addition 
energy for the hexa-aquo-ions of T?*, v**, and cr should tie within the limits between 260 and 290 kcal,’ and - 
the addition energies for hexa-ammine ions of Ti** and v2* should be between 240 and 320 keal, . 5 ; 


_ The correlation of the stabiluy of comptexes with the place of the appropriate elements in the periodic 


table has thus pernsittcd the formulation of certain gene-alizations, and the checking of experimental data, as well 
as the ens of the stability of as yet unknown beers, 
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‘THERMOCHEMISTRY AND STRUCTURE OF ATOMS’ re 


PART 6, THERMOCHEMISTRY OF BORON: APPLICATION OF THE RULE OF THERMOCHEMICAL LOGARITHMICS 
TO ELEMENTS OF THE THIRD GROUP OF D, MENDELEEV’S SYSTEM 


F. Kapustinsky and O, Ya. Samoilov 


The increasing practical and theoretical importance of the chemistry of boron has attracted the attention 
of numerous research workers, Direct measurements of the keat of formation of boron oxide have been made, but 
the values reported by different workers differ considerably from each other, Roth and Borger [1], who combusted . 
boron in oxygen, found that the heat of formation of the vitreous oxide was 349 +3 kcal, corrected by. Roth in 

1946 [2] to 339 + 2.3 kcal, This value is in close agreement with that reported by Todd and Miller Sl viz, _ 
335 + 0,8 kcal, ‘for spectroscopically pure boron, In 1949, however, Eggersgluess, Monroe, and Parker [4] repeated 
~ the work on direct measurement of the heat of formation of vitreous B,O;, which they found to be 281.14 3,1 
kcal, They ascribed the difference between their result and those of Roth and Borger and of Todd and Miller to 
contamination of the samples of boron with hydrides of boron, . : 


Johnston, Hersch, and Kerr [5], in a paper devoted chiefly to the determination of the specific heat of 
elementary bozon at low temperatures, derive the heat of formation of crystalline B,O, (302.0 + 3,4 kcal) from 
the summation of the thermal effects of five processes, including the heat of hydrolysis of dtborand, which is, 
according to Roth and Borger [1] equal to.108,1 kcal, 


j Southard [6] detez:mined the heat of dissolution of vitreous and crystalline B,O; in water at 25° (1000 

‘ mole of water per mole of ByUs), finding values of 7,82 and 3.46 kcal per mole respectively, The heat of trans- 

: | formation of vitreous into crystallice B,O, is thus 4.36 kcal per mole, according to Southard, According to Arts= 
dalen and Andersen [7] the heat of dissolution of vitreous B,O, in water at 25° (1110 mole of water per mole of © 
B,O3) amounts to 7,928 + 0,029 keal per inole, and is only very slightly dependent on the final concentration of 
a the solution, The value > for infinite dilution bi 960 kcal, per mole, 


Only one value for the heat of formation of gaseous is known te us, viz., that Troost and Haute- - 
feurlle [8}, who in 1870 reported a value of 104 kcal, The heat of hydrolysis of gaseous BCl, (910 mole of water 
per mole of BCl,) amounts, according to these authors, to 79,2 kcal per mole, Berthelot later found [9; thatthe _ 
heat of hydrolysis of liquid BC1; (650 mol of water per mol of BCI;) at 10° is 65.8 kcal per mole, and that its 

latent heat of vaporization is 4,5 kcal per mole, According to Berthelot the heat of hydrolysis of gaseous BCl, 

is 70,3 kcal per mole, Roth [2] takes the heat of formation of BCl, as being 104 keal, 


We have determined the beat of hydrolysis of gaseous BCl, by a method depending « on passing the gas 
through water at 25° in a calorimeter with an insulating envelope, Knowing the heat of hydrolysis of BCI, we 
can calculate from the heat of fozmation of B,O, the heat of formation of BCly, As will be showr below, it is. 
Possible from this to arrive at the correct value for the heat of formation of boron oxide, . 


— EXPERIMENTAL 


The boron chloride in our possession was contaminated with chlorine, as was evident from its green color. “a 
It was purified with te aid of metallic mercury at C°, The purity of the product so obtained was shown by the 
results of analysis of the solutions cbtained in the calorimetric experiments; the mean molar ratio. of Hcl to HBO, 
in the solutions was 3.005, which corresponds with.a purity of 99.87% for the BCl,. 


The heat of hydroiysis was measured in.a calorimeter with an insulating envelope [10}, The envelope was 
kept at a temperature of 25° + 0,01°, Hydrolysis was conducted in a glass calorimeter beaker of about 400 ml | 
*apacity, The experiments were performed as follows; the glass mbe 5 (volume about 80 ml) is filled with 
BCI, vapor, and the tube is fitted into the circuit shown in Fig, 1, In the initial stage, air enters from a gaso= | 
meter at 1, and is dried in the wash-bortles 2 and 3, containing sulfuric acid and phosphorus pentoxide, respec- 
tively, before going through the by-pass tube (tap 4 open, taps 6 and 7 shut) and the spiral 8, where it assumes the ~ 
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temperature of the thermostatic envelope of the calorimeter, and then .hrough the injector 9 into the calorimeter’ 
water 11, 


. bE Fig.l, Diagram of apparatus’, 1) entry of air from 
gasometer; 2) wash-bottles with sulfuric acid; 3) 
drying bottle containing phosphorus pentoxide on 
glass-wool; 4) tap of side-tube; 5) tube filled with 
boron chloride; 6 and 7) taps; 8) spiral; immersed 
in the thermostatic envelope of the calorimeter 
(diagonal shading); 9) a tube sealed at the end, 
with small openings for passage of gas; 10) a 
propeller stirrer; 11) vessel contain- 
ing. water, 


: After completion of the initial stage of the experiment, tap 4 is closed, and taps 6 and 7 are opened, when 
the boron chloride in 5 is swept out into the calorimeter by a stream of dry air, entering the solution in the form of 
small bubbles, full absorption of which is facilitated by the action of the stirrer 10, The same. amount (357 g) of 
bi-distilled water is taken in all cases, The final conceamation of the solution amounted to 7 6600. mol - water 
per mol of BCl,, 


The rise in temperature was measured by means of a Beckmann thermometer, calibrated by the All-Union 
Institute of Standards to an accuracy of 0,001°s readings were taken every 30 sec, The main period of the reaction 
lasted about 2-3 min, The rise in temperatuze amounted to 0,5-0,6°, and the rate of rise of temperature in the 
initial and firal periods was 0,005-0,006° per min, Calorimeter corrections (for radiation, heat of vaporization of 
water, heat eyolyed by the stirrer) were calculated by the Regrault-Pfaundler-Usov formula, and amounted to 2-3% 
of the observed tempcratuz: rise, The method of determining the water equivalent aed the calorimeter was the 
same as that previously described [i0] Me 


The solutions obtained were analyzed pares) ‘HCI by titration with NaOH, with methyl orange 
indicator, followed by titration of H,BO, with pkenolphthalein indicator after addition of mannitol [1], Since 
the titrations of HCl were the more accurate, the number of moles of hydrolyzed BCl, was taken as being equal 
to one third of the number of moles of HCl formed, The accuracy of the final results for the bent of er 
of BCI, is about 1.5%, ™ results obtained are given in Table 1, . . 


TABLE 1 ‘The heat of formation of BCl, 
Results of experiments for determination of heat of hydrolysis of BCls _can be derived from the heat of 
Water equivalent of calorimeter = 0,410 kcal per degree _ hydrolysis of gaseous BCl, so founds 


Temp, rise | No, of Millimoles Heat of hydrolysis BClygas) + 6603H,0 (1: quidy 
in keal mole HBO, (6600) + 09) + 80.8 kcal, 


2.723 | 2.665 _ Knowing the heats of formation of 


1 80.0 
2 2.965 | 2.965 82.1 liquid water and HClj2299)*, which are 
? 68 37 and 39,61 kcal, respectively 12}, 
3 3,221} 3,232 80.4 texte ff 
4 0.561 | 8.535 80.8 we obtain for the heat of formation o 
of gaseous BCl, 
Mean 80.8 
where the heat of formation of 
According to Ansdalen and Andersen [7] : 


.© The figures in parentheses signify concentrations, aust as moles of water per mole of d denstves substance, 
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where is the heat of fozmetion of vitreous oxide, 


We obtain from equations (1) aud (2) by 


The latent heats of vaporization and fusion of BC}, [12] [13], and the heat of transition of vitreous into .. 


crystalline B,O, [6], are equal, — to 5,68, 0,50, and 4,36. kcal Per mol, It hence follows from 


where Qgect, is the heat of formation of crystalline FCI, and Q8,0, is the heat of formation of crystalline B,O,, . 


Equation (4) relates the values of Q.,, and OF,05. In this way the determination of the correct value of the. 
heat of formation of B,O, is of importance for the determination of this constant for boron chloride, 


Apart irom Johnston, Hersch, and Kezt*s [5] indirect derivation of there are three direct, and hence ~ 
preferable, determinations of this value, as has been mentioned above [2}, [8] and [4} The first two of these are 
in close agreement, being 343.4 and 339,4 kcal (for crystalline B,O;); the mean value 341.4 kcal may be taken to 
represent both. The third value (285.5 kcal) is nearly 20% lower than the above mean value, Inasmuch as all ar 
three determinations appear to have been performed with equal accuracy it is not possible to decide which of the 
results to accept, without subjecting them to a theoretica! analysis, We shall in the following section of this 
paper describe th: way in which the selection of the correct values of heats of formation can be made, 


_. THEORETICAL 
According to the rule of thermochemical logarithmics, heats of formation, related to a single bond = 


- » are linear functions of the atomic number Z of elements, Within each group or period of the sntuine 

uble is holds for isoelectronic anatogs [14] in the absence of “inversion points” (p), which may be established 

by crystallochemical data [in], The application of the ebove-mentioned rule two the cross-checking of the basic 7 
thermochemical properties of cempourds of Group If elements is of importance to the choice of the correct value 

of two possible values for the keat of formation of boron chioride, It would seem, however, that we here encounter 
very real difficulties, as appears fom Table 2 and Fig, 2. f 


TABLE 2 


Properties of ions of Group Ii elements 


e= 
vu 
Element 
Atomic No, Z 49] 81 
oo No, of outer 
=° “electrons of 
- 3 the cations 18] 18 
Function p 441.31 1,291.2 


The cations of Group III elements fall into two *classes*s 
the ions possess an inert gas or an 1$-electron shell, and in the 
former class the outer electron shell varies from 2 electrons for 
boron to 8 electrons for the others, In addition, the phenomenon > 
of *inyersion® stould be observed in the case of the oxides, 


Fig, 2, Diagram of properties of ions of - It has been noted [14] that elements placed at the be- 
elements of Group II ginnicgs of groups deviate systematically from the mle of 
thermochemical logaritumics, and that the deviation is the 
Greater the further is the group , from the cenier one (Group IV), This interesting feature of the periodic system 
is fully explicable on the basis of modern conceptions of atomic structure, The atoms of the elcments of any. 
Group of the periodic system may be regarded as electronic analogs, in thecase of the elements themselves, or 
"Of their covalent compounds, However, their fons are not complete electronic analogs, but only to the extent * 
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defined is the ionic nature of the bonds, the more distinctly will this difference in the structure of the inert gas ions 


of this group in the general gradation of properties, _ 


' give deviations from the rule of thermochemical logarith- 


that they possess an identical architecture of theie clectron shell, Thus, or example, B. Al, Sc, Y, La, Ga, In, and Tl 
should, using Nekiasov's terminology [16], be regarded as being analogs, from the electronic standpoint (they all have. 
3 valency electrons), whereas in the form of ions only B, Al, Sc, Y, and La can be regarded as analogs, since they have 
an inert gas type of orbit, and are distinct from the 18-electron orbit ions Ga, In, and Tl, which are analogous to each 
other, But even the inert gas ions are not entirely uniform, since B gives : a 2-electron — Whereas the Al, Sc, Be 
and La cations are 8-electron ones, 


The further from the middle of the pericdic system is the given group, and csteciapidiieate the more clearly 


appear, Thus, for example, in Group I the properties of lithium differ considerably from those of the other alkali 
metals, while in Group II the properties of beryllium differ much less from those of other elements of this group, 
being scarcely distinguishable in the case of the carbonates, and, oy. the elements of Group Ii ated very — 
properties, boron scarcely differing from the other elements - . 


This explanation may also be based on quantitative 
data, using estimates of the “lonicity* of bords, derived from 
electro-negativity measurements [17], In the chlorides ser= 
ies this amounts to 60% for LiCl, to 40% for BeCl,, and to 
20% for BCl3. It is to be expected that if the ionic type of 
bond dominates among the alkali chlorides, the difference 
between lithium and its analogs will depend on the differ- 
ences between the electronic structures of the ions, For the _ 
first elements of Group II, however, it is resemblances be- 
tween atom cizlogs, rather than ion-analogs, which domin- 
ates, since the siaic of fonic forces is only 20%. Differences 
between inert gas type fons are no longer clear-cut; only the 
more definite differences between these ions and ions with an 
18-electron o:bit* remain, F>~ this reason boron should not 


mics; this conclusion should at any rate be applicable to the 
chlorides, for which an "inversion point® does not exist: 
Pc is 1.13 less than the p of all the cations of Group IIL. 


might hence be concluded that the heat of forma- “CF 
tion of BCl;, per g-equivalent within the given coordinates : 
(Fig.. 3), should lie on the same straight line as do the heats . i eo Fig. 3. = eat of ecco of chlorides ard ng 
of formation of other chlorides of inert gas type ions of ele-" - | : vs : 


ments of Group III. We thus obtain a criterion for judging which of a number of values advanced is the correct one | 
(satistying the linear dependence of ~AH/w onlnZ), We see from Fig. 3 that -AH/w for BCl,; as derived from the data 
of Eggersgluess, Monroe, and Parker [4] ] (crossed square) is inacceptable, The mean value (-AH/w = 31,4) derived from 
Johnston, Hersch, and Kerr's results [5] is also doubtful, although it is not so far off the line. The valve given by our 
measurements, on the other hand, considered together with the values of AHO; obtained by Roth [1; 2) and a Todd 
and Miller [3], fully satisfies the criterion required above; the point lies on the curve. . 


We thus arrive at the following final results for the thermal effect of the reaction (in keal per mole ): 


Beeryst.) 3/2 Clagaseous) = BClacryst.)» = -114+3 
or 


Breryst.) + 3/2 Cl gaseous = -108+43 


But, once the above value’ contains within it also the for (cf. equation 4), we arrive at the conclu- 
sion that the results of Roth, and of Todd and Miller must be corzect. They are practically identical, so that taking the 
mean (56,7 +0.2 keal per g-equiv.), we obtain the following as the most reliable value: 


2Bicryst.) + 3/2 O2gas) = = ROxcryst.)» igs = = 341+ 3 kcal/mole. 


e 


* The *ionicity® of the bond rises with increase in the atomic number of elements within each group, 


* ‘ 
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or 


2B cyst) + 3/2 Orgas) * = = 3314 heal/ mole. 


It follows from Fig. 2 that the inversion point for oxides of Guep Ill elements appears only at the a of the 
group, and this cannot lead to the appearance of an inflexion in the ~AH/w iInZ curve, The rule of thermochemical 


logarithmics should hence be followed here over the whcle range, This is confirmed by Fig. 3 am, which as bees 
yet another proof of the correctness of our conclusions, — 


Although the part of Johnston, Hersch, and Kerr's work dealing with the heat of formation of st cannot, ' 
as we have shown, be considered to be acceptable, their entropy determinations must be considered to be wholly ac-— 


ceptable, without any reservations, Combining these results with those presented in the present paper we arrive at. 
the aetna values for standard free energy, in keal per mole’. 


+ 3/2 Ox gasy = = 
or 


2Bycryst.) + 3/2 Oncgas) = AF = 818+ 3- 


We wish to express our gratitude to L C. Morozov for a supply of boron toL L Lipilina fee: 


helping in the work. 


M MA RY . 
2. The heat of es of gaseous boron chloride has beén sehen 


2. Applying the concepts of electronegativity, of degree of ionicity of bonds, and of the function (see our. 
previous communication) it has been shown that inversion cannot take place in the heats of formation of the series 
of chlorides B, Al, Sc, Y, and La, but that the rule of thermochemical logarithmics should be ese. here, Lead 
allows of the derivation of the following values for heat of formation of BCls (kcal per — 


Bccryst.) + 3/2 Cl, = BClygascous)» AH Hysg = “1084 3. 


3, The experimental values found for the heat of hydrolysis of BCl, show that the correct t vahie for itsheat . . 


of formation is in accordance with the expression 


2Beeryst.) + 3/2 = BeOseryst.y» = +3. 


This confirms the work of Roth and Todd and Miller, but not of Eggersgluess, Monroe, and Parker, and also 
shows that the results calculated indirectly by Johnston, Hersch, and Kerr for the heat of formation of B,O, are wrong. 


4, Combining the measurements of specific heat (entropy) given by these authors with the results presented 


in the present paper, the following figure can be derived for the free energy of formation of boron oxide (kcal per mole: 


2B(cryst.) + 2 Oxgas) = BOxcryst.y OF = 322.48 


5. The rule of thermochemical logarithmics is followed without exception by the chlorides and oxides of 
the elements of Group III of the periodic system, 
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_ MICRO-HARDNESS METHOD OF STUDYING INTRACRYSTALLINE LIQUATION + 


- 


D. A. Petrov and L. A. 


1, NATURE OF THE PHENOMENON OF INTRACRYSTALLINE LIQUATION 


Intradendritic or intracrystalline liquation of alloys is the term applied to non-uniformity of crystals of solid <= ' 
solutions of metals due to irregular distribution of their constituent parts during solidification, This non-uniformity is 
connected withdisturbances of equilibrium taking place during crystallization as a result of retardation of diffusion 
Processes due to excessive velocity of solidification, 


The theoretical aspects of this problem have been discussed in detail by one of us [1], and we shall here re- ; 
peat only the basic propositions, The crystallization of solid solution from the melt is shown by the phase diagram in 
the following way. As a liquid of composition c cools it becomes saturated with respect to crystals of solid solution at — 
temperature t, (Fig. 1), and crystallization begins with further fall in temperature, The composition of the crystals 
separating initially is represented by the point cjon the phase diagram, As cooling 
proceeds, the corapesition of both phases denies continuously, of the liquid phase 
along the liquidus curve, and of the solid solution along the solidus curve, The al- 
loy finally solidifies at ty with formation of a homogeneous solid solution, the com- 
pean of which from now corresponds with that of the alloy. 


Since the composition of the solid solution does not remain constant, but- 
changes continuously as crystallization proceeds, the conversion of the liquid into 
solid solution should be begarced a as two par- 
allel processes: : 


a) Actual formation of crystals of solid solu- 


ig. 1. f crystalliza- 
tion at temperature t (Fig. 2): Fig, 1, Scheme of crystal 


tion of solid solution under °* . 


b) Change in composition a crystals formed at higher temperature t t+dt Fig. 2 + 


| ae Ly t ar 
Fig. 2. E iw The former process assumes diffusion only in the liquid phase, and it pro- 
ceeds readily in molten metals, Tie latter process assumes diffusion to take 
place also in the solid phase, and this process is a slow one, becoming increasingly more difficult the lower the tem- 
perature, Diffusion in the solid phase may be completely abolished at high speeds of cooling, and-at even higher - 
speeds the same may apply to the liquid phase as well, We shall not here consider this case, but shall assume that 
diffusion proceeds without hindrance in the liquid phase, In the absence of diffusion in the solid phase the solid solu 
tion forming will not be a uniform om, but will mguane an unbroken series of compositions, beginning with compo 
sition on Fig. 1. 


The question arises, what will be the iia term of this series of compositions ? ‘~ other words, at vie oa ig 
perature will” solidification of the melt be completed, in this case? . In the absence of diffusion in the solid phase the 
second of the above processes associated with conversion of liquid into solid solution, bse the change in composition 
of the solid solution : : : 

does not take place at all, As a result, all the liquid which would under equilibrium conditions have entered into D 2A 
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this process remains unsolidified at temperature ty, which corresponds wit!. of the alloy ac- 
cording to the phase diagram (Fig. 3). 


In considering the process of crystallization of this part of the solution, begin- 
ning with temperature t,, we similarly arrive at the conclusion that at temperature t, there 
will still remain unsolidified a certain part of the metal which was liquid at t,, and at 
temperature tg some of the residual liquid from t; will still remain unsolidified, and so 
on, It follows that solidi fication of the melt will be cence only at - melting 
point of component A, 


Reverting to the question of the non-uniformity of crystals of solid solution, 
we hence see that the degree of intra-dendritic liquation at high speeds of cooling is 
determined by the concentration interval between the composition of the initially © 
forming crystals and the pure component with the lower m.p.- It can, furthermore, be 
readily shown that in systems forming eutectic mixtures of solidification: solutions: 
of atl alloys, in absence of diffusion in the:solid phase, is completed at the eutectic 
temperature, The eutectic will, under these conditions, appear when even the least _ 
amount of the second component is added. In that case, the degree of intra-dendritic liquation, at high speeds of cool- 
ing, will be determined by the concentration interval between the composition of the initially formed crystais and of 
the crystals of solid solution saturated at the eutectic temperature, 


Fig. 8, Scheme of crystalliza- 
tion of solid solution under non- 


2. EXPERIMENTAL 


Intracrystalline liquation was studied for alloys of aluminum with: magnesium, and of bismuth with antimony, 
One of the methods used was that of measurement of micro-hardness, recommended for the sed of non-uniformity of 
crystals by Bochvar and Zhadaeva [2} 


Micro-hardness was measured by means of a oie sniero-indenter, which gives indentations of the order _ 
of 10 y* cross-section, With a grain size of the order of 10° p* (on polished surfaces) this indentor permits of hardness 
measurements at different pa>:s of a single crystal, If the crystal is not homogeneous, owing to intra-crystalline liqua- 
tion, variations in hardness are to be expected at different parts of the cross-section of the crystal. The formation of 
such a crystal may be considered as resulting from deposition of successive layers on the original crystal nucieus, so 
that the composition of the grain changes continuously from the center to the periphery. © 


If a solid solution of composition c (Fig. 4) crystallizes, the composition of the central part of the grain formed 
may correspond with c*, while that of the peripheral zones of the grain will be c;, Le., that of the saturated soludon of . 
the solid solution at the eutectic temperature, If the line abd represents changes in the hardness of equilibrium alloys, 
then the hardness at the center of the grain will correspond to. Hj, and at the periphery to H, (Fig. 4). For an alloy of 
a different composition, such as, for example c,, the composition at the center of the grain will be c}f, and the hard- 
- Ress Hj, and the composition at the periphery will be c", and the hardness H,, as for the previous alloy. It is evident 
that with change in the content of the component B in the alloy, the composition of the center of the grain will change 


graduelly, in the direction A — B , approaching c°, whereas the composition of the peripheral zones of the grains 
will remain the sare for all alloys. : 


At the same time the hardness of the center of the grain will rise with s saictinaalis content of Bin the alloy, 
according to a curve such as Curve 1, Fig. 4, whereas the hardness of the peripheral zones will lie on a horizontal 
line (Curve 2, Fig. 4). The curves approach each other as the content of B increases, until they intersect at a point 
corresponding with the composition of the eutectic alloy. In other words, ¢ differences in the composition, and hence 
in the hardness, of the center and the marginal zones of the grains, are the most marked i the case of alloys with 
a low content of B, and then gradually diminish until they vanish altogether in the case of eutectic alloys, The grains _ 
of solid solution sepaiating from the eutectic alloy are of a uniform composition, irrespective of the rate of cooling. 
All values of hardness found at all parts of cross-section of grains are included between the two curves, 


Alloys of antimony with bismuth (0 — 90% of Bi, at intervals of 10%) and of aluminum with magnesium (0,- 
1, 4, 8, 12 and 16% of Mg). The Sb-Bi alloys were cooled in an oven, and the Al-Mg alloys at room temperature, 
Le., they were cooled comparatively slowly, so as to obtain fairly large grains, For air-cooled alloys the crystalliza-_ 
tion interval was 5-10 min., as compared to 20-30 min. for oven-cooled alloys, The largest grains present in the al- 


loys were taken for hardness measurements, in order to obtain as full a picture as possible of distribution of hardness - 
within single crystals, 
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ie The results ef the measurements are shown in the diagrams __— rigs. ‘5 and 6, The length of the dizgonals of 
the indentations in microns is given in the upper parts of the diagrams, The 


number of dots recorded against each composition represents the number of © 
inden.tations made, The points on the same horizontal line all have the same 
size of indentation, Curves are drawn through the points corresponding with 
maximum and minimum values of diagonals of indentations, The lower te 
parts of the diagrams give microhardness curves, derived from the values for = 
the diagona!s; the upper curves represent maximum values for hardness of 
solid solutions, taken from the results obtained for a number of grains of a 
given alloy, and the lower curve expresses minimum values obtained simi- 


larly. All intermediate values for hardness of grains lie between these two 


v> 


The diagram for Al-Mg alloys (Fig. 5) resembles the theoretical 
diagram, with the difference that the upper curve becomes rectilinear 
only above 4% of Mg. The difference between maximum and minimum 
hardnesses is greatest for alloys with 4% of Mg, being much smaller for 
alloys with 1% of Mg. This is evidently due to the circumstance that the 
degree of intra-crystalline liquation does not, at the rate of cooling applied 
to these alloys, attain a sufficiently high value to cause total suppression 
of diffusion in the solid solution, The lower curve rises smoothly, as was to Fig. 4. Scheme of change of _ Snes: : ak 


be expected (cf. Fig 4). The eutectic point, at which the two curves of hardness within grains of solid - © 


the system should intersect, is at about 34% of Mg, outside the limits of solution under conditions of = + 
this diagram, 


intra-crystalline liquation, 
Fig, 7 (see plate 
p. 254-a) is a photomicrograph of a section of an alloy contain- — 
ing 8% of Mg. It is evident that the deepest indentations (mini- — 


mum hardness) are toward the center of the grain, and the . 
shallowest ones are at the periphery. ats 


The hardness diagram for antimony-bismuth alloys is . 
given by Fig. 6. These elements form a continuous series of - 
solid solutions, In solidifying, the central part of a grain 
forms a solid solution, the composition of which varies con-~ — 
tinuously fom alloy to alloy, from pure bismuth to pure anti- ~ 
mony, The composition of the peripheral zones of the grains . 4 
of all alloys will in the limiting case (with total suppression 


oF INDENTATION 


> 


$2 of diffusion in the solid phase during crystallization) be that _ 
ae é3 of pure bismuth, For this reason, the upper curve of the hard- 
ness diagram (lower part of Fig, 6) for rapidly cooled alloys 
gt 6° should resemble the hardness curve for a continuous series 
EL6 of solid solutions, i,e., it should be a cuzve with the convexity .. ° 
directed upwards, as was shown by Kurnzkov. The lowercurve 
2 2 of the hardness diagram should be in the limiting case a straight - 
23 _ line, since it should for all alloys correspord with the hardness 


diagonals of indentations and of in The €xPerImental cuve fsa straight line, gendy sloping. 
different zones of grains of solid solution Al-Mg. maging 
% in the case of Al— Mg alloys, this is evidently due to the cir- ; 
cumstance that at the given rate of cooling diffusion in the solid ..-. 
phase was not totally abolished, The photomicrograph of the 50% Sb alloy (Fig. 8) shows zones consisting preponderatingly_ 
of bismuth as black, and of antimony as light, areas; the deepest impressions (smallest hardnesses) are to be found in i 
the black Parts, znd the most shallow ones in the light parts, 


1, Intra-crystalline liquation of alloys of aluminum and magnesium and of bismuth and antimony has been — 
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studied by the microt.ardne:; mend, 


2. The hardness of the alloys varies 
in accordance with the theoretical considera- 
. tlons previously advanced, 
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THERMODYNAMIC STUDY OF THE SYSTEMS CADMIUM - ZINC, 


CADMIUM - LEAD, CADMIUM - TIN, BISMUTH. .- CADMIUM, TIN - ZINC, and LEAD - TIN 


.V, S. Lyashenke 4 
The phase diagrams of binary metalljc systems are at present in most cases sufficiently well known, We know - 


that the formation of one or another phase is associated with energy ~~ of the dimensions of which, and of the 
rules governing which, we in most cases know nothing. 


The application of chemical thermodynamics, and in particular of the concept of diiticaeeaatan activity, 
to the phase diagram enables us, as will be shown below, to calculate the free energy and the heat of formation of : 
any particular phase separating from the molten alloy. We shall in this paper present a method for the calculation ss" 
of the activity of commponents of binary systems in the liquid state, and we illustrate its application to the calculation 


of the free energy and the heat of formation of a- and B- — in phase me . the type corresponding with 
limited solubility in the solid state, ; 


GENERAL PRINCIPLES 


If 2 pure component separates along the liquidus line of a phase Staite then the free energy of its sep- 


aration (solidification) and its activity, relative to the component in the liquid state, taken as the standard state, are 
given by the following expression 


AF =-RT In a, 


Since the pure component separatirg out is in equilibrium with the same 
component in the liquid state, the activity as of the solid component will 
be equal to its activity in the liquid phase, ay, at the temperature and 
composition given by the liquidus curve, If the solid phase separating out 
towards the side of component A of the phase diagram (Fig. 1) is the solid 
solution «, which may for low solubilities be taken as an ideal solution, 
then the activity of component A in the liquid plase, a aaj, at the tempera- 
ture and composition determined by the liquidus curve, will be 


441 =4asNa.- 


At temperatwe T the liquid‘phase, with activities of compon- Timi ed ly ine sali 
ents a4) and a 2p), Will be in equilibsium with thé solid solution a, of! 
composition N, and Ne, gimol, Hence, expressing the reaction of 


formation of one grzm-atom of sclid solution by N Aa’ A + NggB = @ and taking the activity of the solid ‘detion as — Ss 
being equal to unity, the free energy of formation of the solid solution q of the given composition from the liquid phase 
will be given by 
*Al 


Having derived the free energy of formation of a-phase at different onsnapteiiennsllt and conpositions, in ac~ 
cordance with the given phase diagram, and knowing the relation = 
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derived from the Gibbs-Melmhoiz equation, we construct a curve, with ordinates AF/T and abscis:as 1/T : The tan- 
gent of the angle between the tangent at the given point of the curve relating temperature with composition of the a- 
- phase and the horizontal axis gives the yalue of the heat of formation of solid solution from the liquid Phase, 


It is necessazy, in order to derive the heat of fo:mation of solid sohition from its solid components, to add to 
the heat of formation of solid solution from the liquid phase the heat of fusion of components A and B and to subtract 
or add the heat of mixing of the liquid components A and B, in proportions corre sponding with h those P present in the a- 
phase, The heat of mixing should be added when the reaction of mixing the 7. components is a and 
subtracted when. it is exothermic, ’ 


This method for calculating the activity of the components of liquid alloys, and of the ie energy and heat 

- of formation of solid solutions in systems with limited solid solubility, will be applied below to a number of systems, 
The system cadmium-zine will be discussed most fully, only the experimental results and the curves being given for 
the other systems, We shall in this paper apply therzmedynamic representation, i.e., if a process proceeds with evolu- — 
tion of heat, this will be designated y a minus Se te All calculations: are related to a gram-atom of alloy, 


THE SYSTEM CADMIUM-ZING 


Activity of cadmium and zine in the 


The phase diagram of the system cadmium-zine has been exhaustively studied by a number of authors, and 
the relevant data, taken from Hansen's compiiation [2]are givenin Table.1, These data serve for supplying the neces- 


sary critical points for the thermodynamic treatment of the phase diagram, ~ ° 3 
TABLE 1 In Table 1 T is the tempera- - 


ture at which separation of 
a-o: B- phase begins, ata 
molar concentration of cad- 
mium in the liquid phase of 

Noa, 294 Nzng are 
the sholar concentrations of 
cadmizim and zinc, respec- 
tively, in the solid solutions 


a and B, in equilibrium with the liquid phases at the corresponding temperature, 


The specific heat of cadmium and zinc in the solid and liquid states, and their latent heats of fusion, are 
taken from the book *The:ma! constants of inorganic whens ances® [3], and the equations relating latent heat of fusion 


to temperature are hence derived; a 
Forcadmium AH = 9044 1.67-T-1.233-103-T 
For zine AH = 491 + 2.34- T—1.075-107S- 


After piutiaing for AH in the Gibbs-Felmboltz cquation, and integrating, we obtain the following expres- 
sions connecting free energy of fusion (solidification) with temperatures . 


For cadmium AF = 904-1.67-T In T 
For zinc AF = 491-2.34-T In T +1.075-10-°-T*+ 13, 856. (8) 


where 8.415 and 13,856 are integration constants, following from the condition that at the melting point AF = 0, ; 


The activites of cadmium and zinc in the liquid phase are given in Table 2 (figures not in parentheses); 
the values are derived from equations (1), (7) and (8) for temperatures and compositions corresponding with those 
of the liquidus curve, up to, and including the eutectic point, ; aki 


The calculation of “ut activities for any other temp2rature is perforined by means of the equation , 
dina 


“ar 


This equation ts integrated betweea the limits T, to Tz, assuming L L to be independent of ternpera ur, and after 
substituting the yalues of constants we obtains 


— 
ve Ned) 0.9 0.8 | 0.734 0.7 0.6 0.5 0.3 0.2 0.1 ee 
69 | 547 | 5 
i 1 39 547 | 566 | 581 | 596 | 608 | 626 | 651 a. 
No 0.97 = 
dg [0.966 |- |- | - |- |- |- |- 
4 
n 0.987 |0.987 | 0.c3 
8 2036 0.985 6.984 | 0.984 | 0.984 ! 0.987 
— 
: 
|. 
a 
4 


In ay, ) +10 (9) 


where L is the partial heat of mixing Geniyed by a —. method a from Kawakami's data for heats of mixing 


[4)}, and presented in Table 3, 


; Activities calculated =~ 
for temperatures of up to 
100°K are presented in Table 
4 (not those marked with an 
asterisk), The same Table 
also gives other data, the 
significance of which re- 
quires no explanation; these 
’ data will be required by us 
for the calculation of activie 
ties of cadmium and zine 
We know the activities of cadmium and zinc only up to the eutectic: ° 
composition, from each side of the phase diagram, i.e., corresponding with the liquidus curves of the Pate 


TABLE 


not available to us. 


- cal 


2 
ZN g-atom 
cal 


The remaining activities of zinc are calculated in the following way. A graph (Fig.2) is constructed, in 
which the ordinates are the ratio Nzn/Ncae and the abscissas are log azy/NZ,. The curve ends with the activity 


and the molar ratio for zine at the evtectic composition; we continue :t, along the broken line, to Ned?’ Nzp = 0. * 
From the Gibbs-Duhem equation : 


d 
a log Nzn a} 
Noa Noa Nz, 


by graphical integration, and with the known activities of cadmium at Nog = 0.9, 0,8, and 0.136, we obtain the 
following 


. 
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Ned = 0,8 Nci=0.9 og 
0323 —0.0107)-2 
whence we deri 0.010738 
we derive be = 0.111 —0.250 0.1203, F if 

Cd Cd aa® + bb® 
0.0545 —0,032 
whence b (0.0545 0.032872 _ 
| wes 
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© 1, 


log = log + ab, 


| Non = 0,2 NZn = 0,266 


whence, after substitution of the app:opriate 


se ob 
0.0077 |.0.3444 3,436; 0.5361 value3, ve 


0,916 |1,018 


0.8 0.857} 1,072 | 0,0302 | 0,515*, 2,576 | 0.4114 
0,823 | 1,177 | 0,0702 0,589) 1.955} 0.2938 Nzn=02 
0.6 0,792 |'1,321 | 0.1206 | 0.635+| 1.589} 0.2011 
0.5 0,736 | 1,473 | 0,1681 | 0,697* 1,394 | 0,1441 

0.4 0,657 1,643 | 0.2156 | 0,766*| 1.278 | 0.1061 

0.3 0,590 | 1,968 | 0.2938 0.813%] 1,163] 6.0653 ° Nzn=0,1 Nzn=0.2.. -- 

0,266 0,557 | 2,092 | 0,3212 | 0,832 | 1.134; 0.0545 

0,2 0.4934 2,466 | 0.3918 | 0,863 | 1,079} 0.0328 ; 

0.1 0.3254 3,250 | 0.5121 | 0.922 0,0107 a7, = 0.325 


Nzn=0,1 


The missing activities of csdmium are found similarly, but in this case the ordinates of the curve are © 
Ncd/Nz py» and the abscissas log eca/Nca- The activities of cedmium and zinc calculated in this way are marked 
with an asterisk in Table 4, 


The relation between the activities of cadmium and zinc at 700°K and their relative molas concentrations 
fs shown in Fig,3, which also shows activities for cadmium and zinc according to Taylors data [5] for 708°K, 
derived from e,m,f, measurements, as well as Fucmei:ter and jellinek's rezults [6] for 955°K, derived from vapor 
“pressure measurements, It is evident that our result are in good agzeement with those of Taylor, but that Burmeister 
and Jellinek"s results are in general lower than ours; this fs asezibable to the higher temperature to which their 
results refer, it is known thet deviations of activity diminish with rising 


N:: 


% 


O2 25 C4 OS 67 04 09 fa 
Fig, 3, Activines of cadmium and zine in the 
% 43 > system cadmium-zinc; ©—our values, ‘or 
7100°K; x—Taylor s values for 708°K; A— 


e 
Fig.2, Determination of missing activities in the system for 


Free energy and heat of testinal of a- and B phases in the system cadmium-zine 


The activities of zinc have first to be calculated before we can calculate the free enezgy of furmatior of the a- 
phase, from equation (3), at the temperature and composition cozresponding to the liquidus curve for separation 
~ of a-phase, according to equation (9), We already have the corresponding values for cadmium, given in Table 2, 
. Similar calculations are performed for derivation of the free energy of formation of the B-phase, in accordance 
with the temperature and composition determined by the liquidus curve for separation of B-phase, The sod 
so calculated for the activity of zinc aze given in Table 2 (in parentheses), 


ag 
We 


The calculated free energies, ard the graphically derived heats of a- and 
from liquid mixtuwes of the system 1 ‘zine, aze given in Table 5, for various temperatures and compositions, 
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The curve relating to 1/T is practically reerilinesr for a- and B-phaces of the .ysu:m cadmiume 
zinc, which suggests thet the heat of fonnztion of these agg from the liquid components is practically indepen- ~ 
dent of temperature and co:positsnn, ard amounts for the a-phase to -1580 cal per g-atom, and for the B-phase to 
-1430 cal per g-atom, This linear relationship between ri and 1/T is not, as will appear below, found for . 
solid solutions of variable compccition separating from certain other systems, 


From the values obtained for the heats of formation of the a- and 6-phases from liquid mixtures, the- 
latent heats of fusion of cadmium end zinc calculated from equations (5) ‘and (7), and the heats of mixing of the 
liquid components, we derive the heat of formation of a-phase at, ihe eutectic temperature from the solid com- 
ponents; the value found is-i35 cal per g-atom (exothermic reaction), while for the S-phase it is 13 cal per g-. 
atom, i,e,, it is practically sero, Weibke and Kubaschewsky (7) found that the heat of formation of solid alloys - 


a- phase B-phase « ORS 
. 0.9 0.975 569 1580 .0 0,987 1430 
0.8 0.966 547 1580 0.984 1430 
0.734 0.950 539 198 1580 "| 0,7 0.984 608 217 ; 1430 
0.6 0.984 | 596 244 1430 
0,5 0.985 581 270 ; 1430 
0.3 0.987 547 337 1430 
- 0.266] 0,987 539 354 1680 


of this system £ rom then solid components w32s practically equal to zero, as might be. expe ected — the instal 
mutual solubility of ard zinc at 100° [2], while the formation of eutectic mixtures fom thefr come- 
ponents should not be associated wit any perceptible thermal effect, The free energy of wierd of a-phase 
from the solid components, calculatsd similarly, 
amounts to-50 cal per g-atom, and of the B-phase to . 
-14 cal per g-atom (neglecting, as befng very small — 
under the given conditions, charge in fee energy due 


to mixing), 
Cadmium- Lead, _Cadmium- -Tin, Lead- -Tin, 


Bismuth- -Cadmium, an and Tin- in-Zinc Systems 


Activities of cadmium and lead, cadmium and tin, 


lead and ti tin, bismuth and ind cadmium, and 1 and tin and zinc in 


the appropsiate liquid systems, 


= 
Fig,4, Heats of formation of a- and ied 
from liquid alloys of the system cadmium-zinc 


The critical points of the phase diagrams were . 
taken from the data of a number of authors, as compiled _ 
by Hansen [2], The solubility of lead in cadmium is ae 
taken as negligible, That of cadmium in lead at the . a 

tic temperature is taken from and Ruedger 
[2] as bel eing equal to 0.0715 mol parts, The solubility 

of cadmium in tin and of tin in cadmium are taken frorn Le Blanc [2] as being 0.0787 and iad mol parts, res- 
Pectively, at the eutectic temperate, The solubility of lead in tin and of tin in lead are taken from the igmes 
of a number of authors quoted by Hansen [2] as being 0,015 and 0,297 mol parts, respectively, at the eutectic - 


temperature, The mutual setaites of the systems bismuth-cadmium and tin-zine are taken as being negtigible 
in the solid state, 


The latent heat and the fee exergies of fusion of ed components of ¢ the syst tems under consideration have 


been cale2ste4 for vacious temperatures from the thermal data given in the literature (SL using the following 
Equations; 
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For lead AH = 970 4 1,03*T ~1,01°10 *-1"; (10): 


AF = 910-1,03-T In T + +4, 

Fortin AH = 1550 + 1.55°T —2,40-10 

AF = 1560—1,55*T In T + +5 ATT, 
For bismuth AH = 

AF = 1809—2,11-T In T + 1.221071 +9 


Equations (5) (7) (6). and (8) were used. for ‘cadmium and zinc, The paid hea of mixing, derived — 
graphically from the heats of mixing Me of the ane of th ne = are given in Table 6, 


TABLE 6 
of first compo- Cadmium-lead, at | Cadmium-tin, at ‘a 
nent 633°K 623°K 623°K 
Toca Toa | Tzn 
cal cal cal cal 
g-atom g-3t0m | g-stom “g-atom 
0.0 0,0 (2140) 0,0] (1300) 0.0] (1065) (2800) 
0.1 25. | . 1867 15 1085 17 905 2400 
0.2 85 1537 45 915 44 168° 
0.3. 196 1212 86 790 13 668 1655 
0.4 : 510 620 182 615 * (135 560 337 1445 
65 102 373 | 9318 455 434 198 | 1085 615 
0.6 &74 225 595 225 576 ~ 1495. -237 
0,1 | 1055 135 800 108 | 660 
0.8 1305 55 $20 67 695 20 | 1955 AS. 
-0,9° 1515 16 1215 20 142 12 2135 


1.0 (1760) 0.0 | (1600) 0.0 (819) 0,0} (2300) 0.0 


to. Kawakami [4], the mixirg of liquid bismuth and cadmium at 350° is zero, 
for which reason the partial heat of mixing of these metals is also taken to be zero, The activities of cadmium and 
. lead, c2dmium and tin, lead and tin, bismuth and cadmium, and tin and zinc in the corresponding systems, calcu- 
‘lated in the same way 2s for the system cadmium-zinc, are ~~ in Table 1, 


Mol, fraction of System 2 ; 
first component | Cadmium-lead | Cadmium-tin Lead-tin Bismuth-- Tin-zine 
at 105°K at 623°K at 723°K 
0.9 0.932 | 0.390] 0,915 | 0,204] 0.905 | 0,227] 0.892] 0,127 | 0.911 | 0.1975 
0.8 9.898 | 0.498| 0,844 | 0.321] 0.836 | 0.363] 0.798] 0.241 | 0.819 | 0.368 
0.1 | 0,870 | 0,551] 0.798 | 0.405] 0.781 | 0,455] 0.702 | 0,957 | 0,731 | 0.519 : 
0.6 0.807 | 0,636 | “0.718 | 0.492] 0.715 | 0.536} 0,616] .0,455 | 0.651 | 0.642 ‘ 
OS _ 0.765 | 0.681] 0,641 | 0.564} 0.626 | 0.633] 0.524] 0.554 | 0.549 | 0.792 ; 
0.4 0.712 | 0,725] 0,549 | 0.647] 0.543] 0.712] 0.428] 0,654 | 0.499 | 0.862 
0.654 | 0.761] 0.442 | 0,736] 0.453 | 0.786] 0.329] 0,751 | 0.459 | 0,894 
0.2 0,514 | 0,822] 0,318 | 0.820] 0.360-| 0,848] 0,252! 0,820 | 0.407 | 0.928 
0.1 0,287 | 0,907 0,182 |. 0,900] 0,239 | 0.907] 0,141! 0,904 | 0,345 0,949 


‘ 


Since the partis! keat of mixing is, according to Kawakami [4] mnceceiie zero for bismuth and caieadiin 
the activities of bismuth and cadm‘um in the system ee te given in Table 1, are not re-calculated for 
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any othe: temperate, The composition of the eutectic given by Hansen for this system is 40% by weight of 
cadmium, but the activities calculated on this basis do not give smooth curves for bismuth and cadmium, 
For this reason, we have taken the value of 39,1% by weight of cadmium as the qongees of the eutectic, 
this figure being the mean of eight values derived by vazious authors, 


Figs, 5, 6, 7, 8, and 9 give the curves relating calculated activities to mol concentration of the components 
of the systems, it is evident fom Figs, 5, 6 and 9 that the calculated activities are in very good wn with ~§. 


those obtained experimentally by Taylor [5] from ‘e.m,f£, measurements, es <9 


Jellinek"s deta [8] for the system tin-zine at 973°K are somewhat below. our calculated ones, as was to be 
expected, since positive deviations of activity from Raoult's law should diminish with rising temperature, Agree> 
ment is not so good, however, for the system bismuth-cadmium (Fig.8), We see that the calculated activities 
of cadmium exhibit positive deviations from Raoult’s law over the whole range of concentrations; for bisinuth 
positive deviation: are found only in systems with a mol fraction of Bi of 0 to 0,6, Yet, acco:ding to Taylor*s 
experimental results [5], alloys with a mol fraction of Cd of 0 to 0,6 should exhibit negative deviations, and “ 
same applies to activities of bismuth in alloys containing 0 to 50 atomic} of bismuth, 


This diffe.ence between calculated and experimental values of activities cannot be ascribed to inaccurate 
determination of the liquidus curve, since this phase diagram has been subjected to adequate study by a number of ~ 
authors [2], Noz can it be due to ineccuracies in the published thermal data for bismuth and cadmium, since ; 
these are known to be sufficiently accurate [3], or to an error in the method adopted for the calculation, since 8 


our method is aannets acme sound, and its eee is confirmed by the curves for a number of systems, sae 
above, 


Bearing in mind that, for the system bismuth-cadmium, the liquidus curve: is situated somewhat above 
that which would follow from the theoretical position based on Schroeder's equation [9], it might be said that 
the system does not follow Raoult’s law, since attractive forces between like atoms prevail over those between 
unlike atoms, The mixing of the liqud components should hence be associated with absorption of heat, - 


The negative deviations of activity of bismuth and cadmium shown by Taylor’s results would indicate that 
attractive forces between unlike atoms should prevail, that mixing of the liquid components should be associated 
with a slight evolution of heat, and that the liquidus curves should lie below those calculated from Schrocder’s equae 
tion; this is uct in fact the case. We may therefore assume that the activities of bismuth and cadmium calculated sd 
by us for this sytem are closer to the real values, ; 


activities of and 
tin in the system 
lead-in cannot be - 
compared with experi- 
mental yalues, since it 
is not possibie to detere 
mine these values by 
any known method, 
owing to the smal} 

‘differences between 
the electrode potene 


tials and the vapor 
Of 02 OF OF OF WD 02 a3 GS OF G3 af of tin ont 
FRACTION OF Pb Mol, FRAKTION OF SH SQ there 
Fig. 5, Activities of cadmium andleadin Fig. 6, Activities of cadmium and tin tn ny See a ey 
the system cadmium-lead; - our values, the system cadmium-tin; o - our values, a 
for 105°K, x - Taylor's values, for 705° K, for 704°K, x - Taylor's values, for 704°K, 


ponents of such systems 
is the only possible one, 


Free Encrsy and Heat of anil it of Solid Solutions in the Systems Cadmium-Lead 


Cadmium-Tin, and Lead- -Tin 


The free energy AF and the heat of formation AH of solid sotutions from liquid mixtures in the given systems, 
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and.the heat of forma- 
48 from the solid compon- 
0) . ents, AQ, at the eutec- 
os tic tempezature, were 
of calculated in the same 
> % way as for the system ° 
cadmium-zine, The 
> 
calculations were made 
3 ast only for the B-phase of 


the system cadmium- 
lesd, since we take the 
solubility of lead in 
- Qt 02 C4 AT ABC io cadmium as being neg- 
Feaertion ligible, The results of 
Mol. Fapetion on} 

: . these c2!culations are 

given in Table 8 and 


Fo 


Fig. 7. Activities of lead atia .in in te Fig, 8, Aczivities of bismuth and gauaiene in Fig, 10, for the sys- 
system lead-in: o - our values, fo: 623°K in the system bismuth-cadmium: - ow re- 


tem c2dmium-tin in 
sults, x Taylor s results, for K. Table 9 and Fig, 11, 


and for the system 
| lead-in in Table 10 and 
Fig. 


As may be seen from Figs, 10 and 11, the hezt of formation of the 
6-phase of the systems cadmiun»-lead and cadm‘um-tin is practically in- 
dependent of temperature and compesizion, white for the a-phase of the 


TABLE 8 


Au cal cal 
per g-atom) per g-atom 


0.9 0.970 295 
0.8 0.946 295 ~- 
523 Os Q7 Ge 0.719 295 


0.929 521 


system cadmium-tin the heat - 


Fig. 9. Activities of tin and zine in the of formation isto asmallex- —; 
system tin-zinc: o ~ our resulrs, for 723°K tent dependent on temperature ‘ 
: x - Taylor's results, for 704°K, & - Jellia- and composition, this depend- 
ek*s results for 973°K, ence vanishing at the eutectic og 
— temperature, The heat of for- 
mation of a~ and B-phases @a 


from liquid mixtures of the system lead-tin (Fig. 12) shows a high degree of 
dependence on temperature and composition; the AH of the a -phase falls, and a 
of the B-phase rises, with diminuticn in temperatuce (Table 10), i 


The values calculated by us for the heats of formation of solid solu~ ‘Fig. 10. Heat’of formation of oni 
tions from the soiid components for the systems cadmium-lead and cad- from the liquid alloys of the nitenas cad- 

_Mium-tin cannot be compared with experimentally obtained data, since = mium-zine, 
the only available published figures [Magnus and Mannheimer, 10) refer , 
to alloys containing 50 atomic-% of each component, and not to the separate phases. Our figures for the system seal , 
tin are in agreement with published experimental data, Thus, Magnus and Mannheimer [10] came to the corclusion, , a 
on the basis of Tayloz*s and of their own exvezimenial data, that formation of the e phase should involve absorption 
of 400 cal. per g-atom, and of the B-phase evolution of 500 cal, per g-atom, 
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‘g. 1), Heat of formation of a- ahd 6-phases 
from the liquid. alloys of the system cadmium- 
tin, 


“Fig. 12, Eeat of formation of a-and B-phases from liquid 
alloys of the system Jead-tin, 


‘| cal cal. N N —-AF cal j-AH cal j-AQ cal 
Cd) , “Cdq per pet g-atom! per g-atom} Sng |T per g-atom per g-atom per g-atom . 
4 
0.9 0.993 | 561 105 1770 - 0.970 | 485 131 2100 
0.8 /0.987 | 533 179 1505 0.950 |470 193 2100 
0.7 {0.982 233 1464 0.7 10.923 | 455 253 2100 | 
0.6 10.978 |493 276 1392 - 0.665;0.921 450 269 2100 294 
0.5 10.974 | 475 319 1390 - 
0.4 '0.971 459 338 1390 - 
0.261)0.969 450 “371 1390 —471 ° 
TABLE 10 : 
a-phase B-phase 
cal |-AHcal /|-AQ cal cal j-AHcal /|-AQcal 
pez g-atom: per g-aicm 71 |. pec g-atom per g-atom| per g-atom 
0.9 |0.942 | 584 204 2940 410.9 10.990} 481 104 1350 
0.8 |0.902 | 574 285 ° 2360 = 0.8 |0.987| 465 153 1770 = 
0.7 10.863 552 334 1830 - 0.739 0.985 | 456 .187 2100 «. 392 
0.6 |0.824 | 536 381 1540 - 
0.5 {0.793 | 517 412 1310 - - 
0.4 |0.758 | 497 446 1150 ~ 
0.3 |0.719 | 470 476 910 
0.261;0.702 | 456 488 890 —694 
SUMMARY 5 
1. A thermodynamic method is presented, for calculating activities of components of binary systems in the 
liquid state, which give eutectics on solidification, Activities calculated for the components of the systems cad- : ; 
mium-zine, cadmium-tin, cadmium-lead, and tin-zinc are in full agreement with published values, 3 } 
2. Activities have been calculated for lezd and tin in the s ystem lead-tin, for which these values have not : 
yet been determined experimentally. 
3. A thermodynamic meil.od is given, rs calculation of the heat and free energy of formation of solid } 
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solutions in systems wich a phase diag: am of ine Jimtted mutual solubility type. 


4. The heats of fo:mation of the a- and B phases of the system: cadmium-zinc and of the B-phase of the sys- 
tem cadmium-lead Lom the liquid mixtures are practically independent of the temperature and composition, 


5. The heats of fo:rmation of the a-phase of the system cadmium-tin, and of the a- and B-phases of the sys- 
tem lead, from the liquid phases, vary according to temperature and composition of the phases separating out, 


6. The heats of formation from their solid components of the a- and B-phases of the systems cadmium-zine, 
cadmium-in, and lead- -tin, and of the 6-phase of the sysiem aptntem:tenk, are —135, 13, 47, -294, 694, —392, and 
—295 cal. pe: g-atom, respectively, 
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KINETICS OF POLYMERIZATION OF COMPOUNDS WITH, CONJUGATED DOUBLE BONDS. 


POLYMERIZATION - METHYL ACRYLATE IN ABSENCE OF LIGHT 


We have shown fn our peeviors ccmmunicavions [1, 2) that, in the poiymerization of compounds with con- 
jugated double bonds, the slow zeaction, rot activated by light, transition {nto a rapidly self-accele:ating 
reaction when a certain critical dep-h: of Xer characteristic of each compound, is achieved, 


A detailed study of this stage of deve: cpment of the re- 
action of polymerization hes shown th at the pt:enomenon of self- © 
acceleration of the reaction occurs oniy wher «he insoluble form 


of polymer is produced, The formation and development of this 3 
highmolecular insoluble form of polymer, with its new proper- 
ties, are signalled by the abrupt transition of tre reaction into a z 
5 
self -accelerative one, 
= 
It was thought to be of interest to elucidate the connec- 6 
tion between the observed increase in velocity beyond tecrtical & $+ 
point X,, and the yield of insoluble fo:m of potymez. Fig. 1, 
Curve shows the kinetics of the reaction of polymerization of 23 


methyl acrylate in the absence of light, beyond the point X¢r. ye’ 
The variously designated points of Curve 1 stow the closeness : 
of coincidence of four curves obtained with different peziods, 6 8 Ltt 
te. of exposure to light [2}. The rectilinear curve 2 shows how 2 4 awe 
the velocity of polymerization increases with increasing amount Fig. L Polymerization of wie acrylate in 
of polymer, The results of a study of the composition of the poly- 5 
absence of light. 1. Yield of polymer beyond 
mets obtained under these same conditions (different t.) are 
the point X,.: 2. of reaction 
given in Tabie 1, and are shown graphicaily ir Fig. 2, in wiech 
: velocity on Xy (x - points obtained experi- 
the abscissas ate total yield of polyme: X= X, + and the 
ordinates aie yield of soluble polymer, Xq, Or of insoluble tion); xt, = 10 min: =15 mins 
polymer, X expressed as moles of t-an‘form-ed monomer, 
It appeacs from Teble 1 and Fig, 2, that the incoluble 
1. Yield of polymer, in moles, 2. Veiocity 
. of polymer is practically absent until over 30% of the moro- (mol. /sec. c.¢.) 
met has been transformed, It appears when the degree of 
polymerization attains the critical poin: X,., after which the yield 
of insoluble polymer rises rapidly, and may at any time be expressed by a value directly p:oportional to the general 
degzee of polymerization, A similar zela<tonsi‘p was found for the composition of the cones of pecoxide-gromated, 
polymerization of chlo:opzene, 


DISCUSSION OF RESULTS = 


i dn . . 
t— tor is the time counting from then moment of transition of the react wi, ‘at pojnt Xore into a self-accelcra-- 
tive one, 
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TABLE 1 #2 applies to the kin- 
Relation Retween Soluble (a) and Insoluble (j1) Forms of Polymer ; etics of the slow 
nme reaction of poly- 
im 4 merization, pro- 
— ceeding in the dark, 
™ but docs not apply 
_ to the period of 
.t, = 19 min, Xp = 1.5% te = 19 min, Xp = 14% rapid increase in ~ 
velocity. . The 
| 10.5 | 2,97; 10.5 |2.97| - 1 | 15.7] 4.32; 15.1 | 4.32 - - tie 
4.6 | 16.184.6 | | 4 | 17,2] 4.7 | 17.2] 4.1 - - et 


2,07; | — 120 | 18.7] 5.2] 187/52 | | — point X., to one 
| 33.66 9.25 16.75,7.0 | 10.2 |2.8 30 | 245] 6.7) |60 | — | 
89 | 35.46) 9.85; 173 | [150] 321] 88] 16.4 | 1.3/2.0 
91 | 40.0 | — |7.1 |13.7/3.8 54 | 367/102 | |6.5 | 14.6/4.0 
95 | 48.3 | - | —- |20.0|5.5 56 | 404/111] |7.0 | 14.2)4.4 
97 | 54.49/15.1 | — 16.9 | 28.3/7.8 491/135] - | 7.8 | 16.7146 


| onditions of devel- 
98 — 's46l95 |] 62 | ss.olieol 22.1 [9.0 


, opment of the reac- 
"te = 24 min, X, = 18% te = 33 min, X, = 24, ‘tion in the three- 
4 58 |211/5.9 | - | - 3 | 299' — | 17.0 


With. 2. "rig 
| $5 | 32.3 | 8.8 — 117.0 1.3 |2.0 16 | $3.5] 9.2 | 7.0 6.5 1.8 dhe 
40 | 38.6 |10.6 17.6 ,13.713.8 20 — | 7.0.] 12.0}3.3 may be made 
42 | 41.8 11.8 |7.1 114.0 22 40.7 {11.1 - 1%2 13.7 | 3.7 vanishingly small,and 
44 45,1 |12.4 {7.0 |20.0 24 | 43.3 {11.9 6.8 14.2 | 4.4 in that case the change 
46 | 50.5 /13.9 = the 25.6 71.0 27 | 52.0 {14.2 — .1| 6.7 22.6 | 6.2 with time in the num- 
is given by the equation 


and the velocity of polymezization, being 2 function of the amount of insoluble polymer forming, is given by the 
formula 


My = Ver +&X,, : (2) 
where vo; is the velocity of polymerization at the point X,,. f 1s the branching factor, derivable from the slope of 
Curve 2 (Fig. 1) as the magnitude of the acceleration of b on process in the polymer lattice, Xy = X-Xyer Xuer 


is the amount of insoluble ‘polymer of methyl acrylate amen 
at the point 


, Equation (2) for the velocity of the reaction in the lattice 
is valid only in the case when 


Dividing the equation (1) by dX, /at =k,N we obtain 


aN 

(4) . 

here is the specific of growth of the chai | 
ty of growth of the chain, and X, Big. Relation beiween soluble (a) and in- 
is the amount of polymer formed by polymerization within the 
soluble (y) forms of polymer, as 

lattice, This amount is expressed (according to the data of oft min; 
Table 1 and Fig. 2) by the linear relationship, 


=19 min; A =24 
tm is time elapsed after extinguishing light, 


z 
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an 
aXy kg 


Integrating within the limits X,. Xyo (at the point Xr) to Xp ard from Ny (number of active centers in the insoluble 
polymer formed at me point to Ny, » we obtain 


It follows from this expression chat the experimental dependence of the velocity on X is possible only on 


ive,, that the number of active cente::"in the iattice should grow in pzopo:tion to the mass of insoluble polymer, 


Since the velocity of polymerization d¥ = we obtain from equations (5) and (6) 


and after inzeg:ation within the Xy Ky and fiom: t to t we obtain 


where ty is the moment of wansition of the resction to the self-accelerating type, and X,__ is the amount of insoluble 
polymer present at tha. moment, The acci:acy of the conctusions arrived at may be chetked [formulas (2) and (7)) 
with the aid of the mean values for velocity and yield of polymer derived from Curves 1 and 2 of Fig. 1, and from . 
the straight line p of Fig. 2; Xy in formula 2 is undessiood 10 be 


* Xp ct 
The results of the check are given ir Table 2. 


TABLE 2 
Calculation of Yield of Polymer and of its Rate of Production, Compared with Experimental Values 


Time 


tie 
in 


Calculated from 
equation (2) 


£5 20% = 2.410 mole; = 0.018'20%; f = 2.5-10% 


Good agreement is found between experimental and calculated values of the yield of polymer and of the © 
velocity of polymerization, derived from formulas based on the experimentally justified assumption of the van- 
ishingly small tole of recombination of chains in the y-polymer lattice. Equation (6) applies not only to methyl 


‘ 
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“ape 
X= Xy + Xy Experimental Caiculated from | Experimental 
values equation (7) values 
+10" -10°* 10° | 
4.0 10.0 3.5 3.4 0.040 0.044. . 
6.0 10.9 4.2 4.2 0.060 0.068 
8.0 12.0 4.9 ; 0.079 0.083 - 
10.0 . 5.9 0.100 0.107 


‘acrylate, but also to the process of photo: polymerization of chloiopiene, methyl and divinyl, and to 
the peroxide-promoted process of polymerization of chloiprene [3]. 


The insoluble polymers of methyl acrylate are, similarly to the p- and w- polymers of chloroprene, pn to 
catalyze the polymerization of other compounds with conjugated double bonds. The active form of the polymers 
is obtained only when polymerization is conducted in the absence of a solvent, addition of even quite small amounts 
of which lcads to production of only slightly active, or even of totally inactive, polymers, The condition that gy = 1 
is obligatory for production of active insoluble polymers. Dulution (c,.<1) leads to degeneration of the branching 
process, which is replaced by simple viny] polymerization with production of linear polymers, : 


‘CONCLUSIONS 


1. The velocity of polymerization beyond the point X<, is directly proportional to the ammount of insoluble 
polymex formed at any given moment, 


2. The expression N/X Xp = cons:ant is shown to kold for me ymerization within the lattice of the polymer 
(three-dimensional structure), 
[1] P. S. Shantarovich and S$. S, Medvedev. J. Phys. Chem., 21, 1163, (1947). 


[2) P. S, Shantarovich. Bull. Acad. Sci., U.S.S.R., Div. Chem, Sci. 1, 40 (1952). (See Consultants 
* Bureau English Translation p, 41 ff). 


[3] S. Medvedev, O, Koritskaya, and E. delete. J. Phys. Chem., No, 5-6, 391 (1943). 


“Received March 30, 1981 . Institute of Chemical Physics 


* of the Academy of Sciences U.S.S.R. 
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a) “The metal may be bound to the radicals of. amino-acid forming a ond two 
places 
compounds in which such cycles aie present are typical complexes, 


ee 
« 


CLASS OF COORDINATION COMPOUNDS OF CHROMIUM AMINO-ACIDS 


_Itis known that NEACHR-: COOH can combine with atoms various 


by The metal (Me), ‘may ‘be bound to the ‘amino-acid molecule in such a way 2 as to occupy one co-ordination 
Place: Me--- NH,CHR- COOH, in particular Me---GlH and Me—Ani. . 


c) The metal may be attached to an open gmino-acid radical, ae cne coordination nine Me - — ss 
NH,CHR: COO, in particular, Me—Gl and Me—An, - 


- 


Up till now, the various forms of bonds between amino-acids and metals were realized in practice only for 
platinurn compounds [1-9], such as [Pt(GIH),)C},, Ba[PtG],], etc. For copper, cobalt, chromium, and pallad- 
ium the only known compounds were those containing cyclically bound amino-acid radicals, i.e., the wr 
complex salts [CuGI,}, [CoG13}, and [PdGi,) (and the analogous alanine derivatives). 


We have prepared about 30 new compounds of chromium with amino-acids (glycerine ‘and alanine); they rep- 
resent a peculiar and interesting class of co-ordination compound. We present in this paper a general review of 
these compounds, and give a short description of the results of a physico-cheinical study of their aqueous solutions,® © . 
Chugaev in 1910 [13] obtained compounds of chromium with glycine, of the composition CrGl, and CrG1,OH, as 


well as the compound with alanine CrAng3. Ley [1], repeating Chugaev's work in 1912, was another compen 
with alanine, to which he gave the formula CrAn,OH + H,9. | 8 


We have made a detailed study of these compounds, and have conflimed Chugaev’s assumption (using elec- 
tro-conductivity and other deta) that the compounds oy and [CrAng] belong to the class of internally complex 
salts, It has been shown that the of CrG},0H is a bi-nuclear diol complex structure 

[G1,Cr: and the compound to which Ley assi the formula + in fact [11) not a 
OH - 
hydroxo-aquo-compound, ‘tn is a bi-nuclear diol [An,Cr analogous to above 


OH 
compound, These bi-nuclear compounds are down by prolonged tiydrochlori ic to give 


the compounds [CrG],H,OC1) and [Cr An,H,0Cl], which have been isolated by us, 


All four compounds obtained by the above-named sutlists contain. glycine or dealin in the form a iam 
cally linked radicals, each of which occupies two co-ordination places, Compounds in which chromium is co- 
oidinated with molecules of glycine - or alanine oe were first described by us, 


* We introduce the following conventiona] symbols; radicals of glycine and inate forming a cycle are represented 
by Gl and An; co-ordinated molecules of glycine and alanine, and also free glycine and alanine, ate aie by ee 
GIH and AnH; open radicals of glycine and alanine, occupying only one co-ordinate place, are represented by Gl 

** A few uncoordinated references relating to some of these compounds have been published earlier {10-12}, For a de- 
tailed exposition of the whole te:earch see the authoi's thesis: “Coordination compounds of tecvalent chromium with the 
simpler amino-acids" (Moscow, Institute of General and Inorganic Chemistry, Academy of Sciences (1950), 7 
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Certain French biochemists (Hugouneng, Florence) [14, 15] have suggested formulas for-glycine deriva- 
tives of chromium, which they believe to contain glycine molecules coordinated to the chromium, We have 
shown how mistaken was these auchors’ treatment of the nature of these compounds; they did not even realize 
that the Gl radicals and the GlH molecules are absolutely different component parts of coordinate compounds, 
In fact, these authors were dealing with the same compounds which Chugaev had long before prepared, 


All the above- ‘mentioned authors conducted their studies of the reactions of tervalent chromium com: 
pounds with amino-acids exclusively in alkaline solution, Thus Chugaev, and after him Ley, added excess of 
glycine (or alanine) to solutions of tervalent chromium salts, which they heated, and then gradually added caustic 
alkali or ammonia, The reaction was of the following type: 6 é 


CrCl, + 3GIH + 3NAQH——> [CrG1,] + 3NaCl + 3H,0. 


The reaction of salts of tervalent chromium with scaiiieeaiiie in the absence of alkali, and with the 
solutions remaining acid throughout, has not yet been studied, 


EXPERIMENTAL 


Preparation of new compounds 


We first established that heating solutions of tervalent chromium salts with excess of glycine (or alanine) 
leads to complex formation, without addition of alkali, The heated solutions change color, and do not give re- 
actions for chiomium ion, The final color of the solutions depends on the number of moles of glycine (or alanine) 


combining with cach gram-atom of chromium (this number will hereafter be designated by n), and on the concen- . 


tration of the initial solution, If the conceniration of the initial chromium chloride solution was about 0. 7M, the 
solutions obtained will have che following colors; n= 3, green,n = 4, violet, and n = 5,6, or move, red. Addition 
of caustic alkali or ammonia to the solutions obtained does not “precipitate chromium hydroxide from them, either 
in the cold or after prolonged boiling, if n>3. The solutions may be stored for a long time, and may be eva- 
porated down to fairly small volume, without deposition of any sort of —- phase (at n values of 2 to 6; at no6.. 
excess of glycine or alanine deposits), 


As the solutions are evaporated down, they vaneeie more poe more viscous, finally to yield Seema. non- 
crystalline, intensely colored solid products, which are readily soluble in water. It is evident that the solutions . 
cbtained cannot contain the internally complex salts [CrGl,} and (or [CrAns) and - 
which are only very slightly soluble in water, , 


It is possible that earlier workers in this fielq had noticed’ that complex formation took place during heating 
of salts of chromium with glycine or alanine (although no mention of this is made in the literature), but that, since 
they could sce no trace of any precipitates forming, they added alkali, and so shifted the reaction in the direction 
of formation of internally complex salts, We, however, were interested in the products formed in the solutions in 
absence of alkali. Our experiments showed that addition of excess of alcohol or acetone to the concentrated solu- 
tions (by evaporation down to small volume) leads to separation of a highly viscous product (an “oil"), above 
which is the colozed supernatant aqueous-alcoholic or aqueous acetone solution, The “oil* solidifies after pro- 
longed drying, yielding a non-crystalline product, : ; 


We added glycine to known volumes of chromium chloride solutions of known enasenuiitinn, to _— 
values of n of 2,3,4,5, and 6, and the solutions were boiled down to small volumes. Excess of acetone was then 
added, when the complex salt separated as an “oil", which was separated from the supernatant layer, washed with 
acetone, and dried to constant weight at 105-110°, Solid products were so obtained, of constant and reproducible 
composition, corresponding with the formuias; CrCl, H,O, 2GIH; CrCl;, 3GIH; CrCl, 4GIH; CrClg, 5GIH; CrCl,, 


‘The products obtained with n = 1 had variable compositions, which were not reproducible, 


It may be supposed that the initial reaction taking ae when solutions of chromium chloride are heated — 
with glycine is 


At the same time, Cl ions enter the inner —_ leading to an equilibrium such as that illustrated below 
for tis particular case n = 3; 
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Concentration of the solutions by evaporation causes displacement of the equilibria (2) and (3) to the right, 
and the addition of acetone to the concentrated aqueous solutions causes precipitation of products of the meet: om : 
tions:. 


tae 


; Further experiments confirmed the truth of these suppositions as to ak nature of the er separating, 
4 with molecules of amino-acid coordinated with the chromium, 


‘ A second method of preparing compounds of this sort was based on the following deceit Before we tiad * 


performed our experiments it have been supposed that reaction of GlH with Crcl, according 
to equation 


The reaction between GIH and chloroplatinite [3] does, in fact, proceed simflasly: >" 
+ 2G1H ———> [P1G],] + + 2KCL 


The in that [CrGl,] is not obtained from CrCl, and G1H in absence of alkali led us to the ointilline ie 
glycine cycles coordinated with chromium should be readily opened by hydiochloric acid, For this reason the re*-...+: 


action between G1H and CrCl, does not proceed according to equation (4), but according to equation (5), which is;:<: 
‘for the particular case n = 3, the sum of equations (2) and (3): ee 


Experiments in fact showed that [CrG1,) readily goes into solution when boiled with 0.1M hydrochloric: 
acid, If 3 or more moles of HCl are taken per mole of [CrG],}, and tue solution is evaporated down to small _ 
J ’ yolume, from which addition of acetone causes separation of a green syrup, This is dried to constant weight, 1 to 95 
c give a product of constant composition CrGls, 3HCl, The composition and properties of this product are ‘identical. 
2 with those of the substance obtained by addition of G1H to CrCl,, for the case n = 3 (the identity of CrGls, — ; "e 
with 3GI1H is The opening of the glycine cycles corresponds with the 


In this react ion the link between chromium and the carboxyl groups of the cycles is belein. and the sdinelie Gl - 
become GIH molecules, The Cl anions then enter into the inner sphere, to occupy the ae so vacated, basen 
process be schematically as follows: 


The action of acids (HCl, H,C,0,) 0 on the interndly complex salts [CrGI,}, [CrAns}, and 
[Cr,An,(OH),] provides us with a second method of preparing compounds in which GIH (AnH) molecules are Re », 
_ coordinated with chromium, and we have prepared numerous compounds by this method, Wken 1 mole of HCl — . =a 
is taken per mole of [CrGl,] only one of the Gl cycles undergces opening, and addition of acetone to the solu- 
tion gives a compound of the composition [CrG1,(GIH)Cl}, With 2 moles of HCl per mole of [CrG},} 2Gl cycles 


are opened, and the compound [CrGl(G1H),Cl,) is cbtained. The following chlorides were 


Successive opening of Gl cycles, with introduction of C,O, or C,0,H residues into the inner sphere, is . be 
similarly found when oxalic acid is taken instead of hydrochloric acid, With one mole of 1,04 per mole pee 
of [CrG1,]} the reaction proceeds according to the cquations 


[CrGls} + H,C,0, ———> [CrGl(G1H),C, 04). 


Solutions of the compounds and 
obtained, and the compounds themselves were prezipitated by adding excess of alcohol, By acting on {CrGl,} 
with hydrochloric and oxalic acids simultaneously the follow! ing compounds are obtained; [Cx(GUH),CIGO,), 


- 


. 


me 
j 
} 
4 
. 
> 
: 
: 
; 
“e 
271 


mentioned above, fission of the complex occurs when one mole of the salt 
is treated with 2 moles of HCl, according to the equation: 


’ 


OH 
L OH J 


The product, or its alanine analog [CrAn,H,OC1), is precipitated from the concentrated solutions by 
addition of acetone, The further action of HCl] on these moncchlorides leads to opening of the Gl cycles and 
to production of the trichlorides or [Cr(AnH),H,OC]s}, and of the dichlorides [CrG\(GIH)H,OCh} 


Prolonged boiling of a solution of 2 moles of oxalic acid and 1 mole of [CrG1{OH)y] affords a product 
of the composition [CrG1(G1H)H,0C,0,) by the following reaction: 


OH 
‘Gl,Cr CrGl,| + 2H,C,0,—> (9) 
which involves fission of the bi-nuclear complex, with opening of two of the four glycine rings, At the same time 
part of the original binuclear salt undergoes hydrolysis, with production of chromium hydroxide, The precipitate 
of Cr(OH)s is filtered off, and the filtrate is evaporated down to a concentration of about 20% of the main product 
of the reaction [CrG1(GIH)H,OC,0,), which is then precipitated by addition of alcohol, A compound of the com- 
position [Cr(G1H),H,OC,0,(C,0,H)] is also obtained by the action of oxalic acid on the bi-nuclear salt, and the 
and are given dy the action of HCl and H,C,0, together. 


Some of the above compounds may be isolated fiom their aqueous solutions by evaporating these to. dryness, 
on condition that strictly stoichiometric quantities of reagents are taken for their preparation, The vitreous masses 
obtained are dried to constant weight at 105-115", to give products of constant and reproducible compositions, 


A more general method for their preparation is to precipitate them from their concentrated aqueous solu- 
tions by addition of excess of alcohol or acetone, This leads to separation of extremely viscous “oils", which are 
_the actual salts, still retaining small amounts of water, The colored “oils become even more viscous when 
washed with alcohol or acetone, and, after separation from the aqueous alcoholic or the aqueous acetone layer, 
they are dried at 60-70° in order to eliminate organic solvent. The resulting vitreous mass is dried at 105-115", 
ground to a powder in an agate mortar, and dried to constant weight. The variously colored powders so obtained 
in many cases have the outward appearance of crystalline substances, but X-ray and microscopic examination 


shows the absence of crystalline structure, thet composition was shown by analysis to be constant and reprodu- 
cible, 


It was found that the use of alcohol for separation of chlorine-containing complexes is not permissible, as 
they remove part of the hydrogen chloride, which remains in the alcoholic layer as ethoxonium chloride, Thus 
addition of alcohol to an aqueous solution of the compound [C:An,(AnH)Cl] leads to the reaction 


[CrAn,(AnH)Cl) + + [C,H;OH,)Cl, 
and the “oil” separating is contaminated with some [CrAns}, which is insoluble in alcohol, 


Acetone is suitable for the separation of all compounds, Some of our compounds (such as [CrG1(G1H),C,0,]) 
are fairly soluble in glycol or glycerol, from which they may be reprecipitated by addition of excess of absblute 
alcohol; the product is a readily filtrable precipitate, and not the “oil" which would have been obtained from sys~ 
tems containing water. These precipitates are collected on a sintered glass filter, washed thoroughly with absolute 


alcohol, and dried to constant weight. Analysis of the precipitates shows that their structure is unaffected by this - - 
treatment, 


General Review of Compounds : 


The group of compounds in which GIH or AnH molecules are coordinated with chromium may be consi- 
dered as a special class of coordination compounds, having the following common properties:’ high solubility in 
water, high hygroscopicity, high viscosity of concentrated solutions, rising rapidly with rise in concentration, — 
gradual transition from very viscous solutions to vitreous solids, insolubility in most organic solvents, property 
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of separating as an “oil” fzom concentrated aqucoes solutions on add:iion of excess of a’cohol or acetone, 
tendency towards formation of polymeric multi-nuclear complexes, ‘absence of crystatiine structure in the solid 
state, and possession of marked acidic properties, Two other compounds, [C:G!l,H,OCi} and 
have similar peoperties to the compounds of this class, although GlH or AnH molecules do not enter into their 
composition, However, the action of water on some of the glycine (a!anine) cycles in aqueous solutions, causing 
their opening, confers upon these compounds some of - Properties of the above class, although to a modified 
degree only. 


The compounds with glycine are subdivided into groups, ficm ataiest to  eaagiyeyt derivatives; the 
numerals (di-, ti-, etc) refer to te numbe: of G13: molecules of Gl radicals entering into the — of 
a given compound, 


Table 1 below presents 11 types of glycine compounds of which we kave prepared representatives, In 
the formulas X represents an acidic residve; we have p-epared compounds ‘1, which X = Cl, oz C,O,H, or 30,0, 


We were not able to prepare compoun¢s of the monog!ycyl sezies (the compound [C:Gi(3,0),C,0,) was actually 
obtained, but could not be isolated in a sufficiently puxe form), 


OH 
_™ Table also includes the inter.ally complex salts [CiG1,) and xc acy] » which were taken 
OH 


’ as the palettes point for preparation of all the othe: substances, All the types of compounds are genetically inter= 


connected, The compounds fom above down repzesent the products of the action. of acids (opening of cycles), ~ 
and from below up the products of the action of a3 ees (closing of cycles); from left to sight we Lave the roducts 
of replacement or cl by eycine, 


Series 
Tetragiycyl 


series should formally 
classed asnon= 
. electrolytes (tri-acido- - 


Hexaglyeyl 


Pentaglycyl 


OH triammi!ne type), since 
[Gl,Cr [CrGl,} ali the component parts 
OH of the complex are in- 
ided within the inn 


sphere, Laving zero 
charge, The initial 
internally complex - 


[CxG1(G1H) XTX 


the formal sense and in 

reality; its molecular 


conductivity *) very close to zero, The other compounds of the wiacido-tziammine type are converted into com- 
pounds of other types when dissolved in water, Owing to their seactions with tke solvent. The electrolytic dissoci- 
ation of hydiated complexes (water is intoduced into the innez sphere) is a result of this process, 


Thus, for example, the chlorides of the triglyc/ne series obtained from. (C:Gls}, ViZes [CsG1,(GIENCI}. 
and aze in the fo:mal serse non-electzclytes, since in aqueous solution re~ 
placement of inner sphere atoms of chlo:ine by water takes place, to give the cozesponding 2+, 3-, and 4-ionfe 
electrolytes [CrG1,(GiE)H,OJCl, and Moreover, owing to elimination 
of H ions from inner sphere G'H molecules the electro-conductivity of the solutions considerably exceeds that which 


would be expected from the structure of the hydzated complexes as given above, : as 


Oxalates of the di~ and tri-glycine serics, such as [CrGl(G14),C,0,) and [CrGi(G1H)H;OC,0,], are much more. 
nearly non-electrolytes, since the oxalic acid sociune C,O, ace fixmly keld within the inner sphere, They too, howe 
ever, owing to production of H fons fiom inner sphere GIH molecules, give solutions having a small (as compared 
with chlorides) electro-conductivity, Compounds such as [CKG1E}(C,0,4)e], which are formally non-electrolytes, 
in fact exhibit considerable electro-corductivity, since all of the inner sphere radicals (C,O,H and G1H) are able 


to H ions, Compounds of the tetra~, pentas and hexa-glycyl series, such at 


and i° [Cr(GIH),}Cls, belong, respectively, to the diacido-etrammine, the acido-pentammine, and the hexammine 
types, ma are, with a tervaient central Cr atom, accordingly 2-, 3-, and 4-ionic electrolytes, Apart from this, ~~ 
all form H ions from their inner spheres, so increasing the electro-conductivity. of their solutions, 


We see that a complex chain of reactions takes place in aqueous solutions of the substances vite review. 
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We give below the rnore important of these transformations, 


1, Replacement of inner sphere chlorine by molecules of water. As a result paar etaemginee become 
electrolytes, or the type of ionic dissociation changes 


2, Coordinated molecules of amino-acids (GlH or AnH) are displaced, and replaced by water: . 
Direct evidence of the existence of such processes is given by the ssparation, after long standing, ~ 
solutions vad the complexes 
[CrGl(G!H),C,0,] and 
of the monoglycyl compound, of the composition [CrG1(H,0),C,0,). 
3. Production of Hi ions takes place from inner sphg¢re compon nts of an acidic nature: 


Addition of alkali intensifies elimination of H ions, and the Ciradicals so formed tend towards cycle 
closure, in some cases thereby givirg internally complex salts. gat, 


4. Polymerization (association) takes place is concentrated solutions: ms 
The result is that solutions of any of the compounds contain a large ead ofderived complex and simple particles, 


Study of the physico-chemical properties of aqueous solutions of the compounds 


It was found necessary to study the electro-conductivity, the acidity (pH), and the viscosity of their solutions 
in o:der to elucidate the nature of the above compounds, as well as to carry out cryoscopic determinations of their 
molecular weights. It is evident that when compounds possess considerable acidic properties the mere measurement 
of the electro-conductivity of their solutions cannot serve as a basis for making assumptions regarding their type of 
ionic dissociation, and for determining thei: coordination formulas. It is essential that pH measurements should be 
made at the same time as conductivity determinations. Having determined the pH, and so knowing the correspond- 
ing hydrogen ion concentration [H'], it is necessary, knowing the mobility of H ions, to calculate their contribution 
to the value for molecular conductivity, which we shall designate as py. The value of py; so found is subtracted 
from that found for molecular conductivity (yu), since it is only the di itfer erence (ut — yyy) which is characteristic of the 
type of ionic dissociation of our complexes, and which can serve for the determination of.their co-ordination form- 
ulas. Not only are H ions produced in acidic dissociation, but the charges of the complex radicals from which the H 
ions are eliminated undergo change. The effect of this change in the charge of the complex particles is, however, 
insignificant in comparison with that of the appearance of H ions, since the mobility of the large complex ions is, as 
we shall see, 12-14 times smaller than is that of H ions (25-20 mho per ion-equivalent at 25°, as compared with a 
mobility for H ions of about 350 mho. For this reason, the contribution due to acidic dissociation can in most cases 
be derived from the value of the contribution due to hydrogen ions, py. 


The values for the differences (u — 4243) for solutions of compounds containing chlorine in the inner sphere 
rise with time to a maximum, at which they remain constant. This effect is a cousequence of gradual replacement 
of inner sphere chlorine by molecules of water, leading finally to an equilibrium of the type: 


[CrGl,(G1H)C1] + H,0 [CrG1,(G1H)H,0]C1 [CrG1,(G1H)H,O} + qs) 


In sufficiently dilute solutions (0.001M) the maximum values for u — 44 correspond with complete trans- 

formation of the original complexes into the corresponding aquo-compounds. The maximum values for y- py in 
- 0.001M solutions of compounds containing 1 atom of chlorine in the inner sphere, such as, for example, . 

{CrG},(G1H)Cl) or [CrGl,(H,0)C1], amount tc about 100 mho. Where there are two or three chlorine atoms within the 
inner sphere, such as in the compounds (CrGl(G1H),C],) or [Cr(GIH)3Cly], the maximum values of p —py in 0.001M 
solutions are about 200 or 300 mho, respectively. The values of p —py found correspond, respectively, with 2-, 3-, 
and 4-ionic electrolytes, such as, for example, [CrGl,(G!H)H,O}Cl, and 
formed as a result of total replacement of chlorine from the inner sphere. Increase in the concentration of the solu- ~ 
tions of compounds containing inner sphere chlorine leads to an abrupt fall in maximum values of p — yy, which is 
due to diminution in the degree of hydration [a shift to the left of equilibrium (a) in equation (15)). 


The values of 1 — 4; found for chlorides such as [CrGl,(G1H),)C1 or [Cz(G1H),JCly, which do not contain 


4 
4 
: 
: 
4 
: 
‘ 
3 


any inner sphere ‘do not change with time, nor ate they affected by changes | {n 
The constant value of p — yz for 0.001M [CG],(Gi#),)Ci is 102 mho., which is the same as that of 0. 001M 
solutions of chlorides with one chlorine atom in the inner sphere, such as [C:G), (GIH)C1) and others, : * stg 
in solutions of compou snds not containing any chlorine, in the ofoxa- 
lates, such as, for example, are close to zero, This shows thatthe 
conductivity of such solutions is due exclusively to acidic dissociation of inner sphere zadicals; Mi this cannot’ 
take place the compounds are pzactically non-electro! ytes, 


The values of p —p 


The results cf a study of the of theiz solutions (sllowing for acidic dissociation) 
confirm the ccordination formulas, a:tived at for the compounds on ckemical grounds, 


Measurements of the conductivity of solutions of the compound [CrG1,(G1H),)C1 led to the determination. 


of the mobility of the complex fon [C:G1,(G1H),]’, which was found to be about 27 mho, About the same value . 
was found for the mobility of te o‘he: complex ions studied by a : : 


Measu:emenss of the acidity (p=) of solucions of com pounds betong!ng to one and the same series showed 
a regular increase in acide propert’es as the number of glycine cycles opened rises, Thus, for example, the pH 
found for 0,001M solutions of [C'G*,}, Cl], and [C:(GiH),C1,] were 7.06, 4.40, 3.97,. 
and 3,56, respectively, It was found that, for compounds not containing Gl cycles, such the 
change in [H"] due to varying the con entrat‘on ag-ees satisfactozily with the dilution law. 
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We have al-eady mentioned thet the concentrated aqzeous solutions of the compounds dexcatbed ws us. 
have an exceptionally high viscosity, We have studiec the rise in relative viscosity (7) of the solutions as hae sa: 
concentration is increased from low to very high values, It appears that the relative viscosity of dilute solutions’, ies 
is of the order usually found for corsesponding concentations, The value of n rises shazply as the concentration -: 
increases, These findings are illustrated by Table 2, which gives relative viscosities for solutions of the Monge»: py teeny 
chloride of the triglycyl s¢ series, at 25°, 


ox 


We determined the time of flow” 
TABL 
of the solutions applying different addi-. 
in solution: 58.0 '63.8!66.1:70,0/ 73.7 tional pressures, and found that Poiseuille's 
i ic: he s 
1.14 |2.31 |10,0 115.3 {28,0 127 .237 560 {5970 olutions examined, 
| | | j which did not exhibit structural viscosity, 


characteristic of colloidal solutions, We: 
investigated the relation between the com-- 
seiisien of the judi and the ielative viscosity of their solutions at the same molar concentrations (1. 62 mole- _ 
cules of water per molecule of dissolved beraruntes in all cases}. The results are ne in Table, 3, for 11 compounds; 
7 is relative to that of water, ali at 25°, 


131.0°7118.6 53.3 


We see in all three vertical columns thet the value of n rises steeply with Sioiined in the ian of GlH- 
molecules coordinated with chromium, i.e,, with increase in the number of H,O molecules or Cl atoms replaced by ° 
glycine, It is evident (horizontal rows) that increace in the number of molecules of GIH coordinated with chromium, ° 
and originating from opening of glycine cycles, is associated with inccease in n as we past from monochlorides 
{two Gl cycles) to dichlorides (one Gl cycle), Opening of the last Gl cycle, however, as seen in transition of di- . 
chlorides to trichlorides, lezds to Cuntoaes rion of a (there is little further change in the tetraglycyl series), 


‘The melecular weight of some ‘of our compounds was determined by the cryoscopic method in aqueous 
solution, Since these compounds undeigo electrolytic dissociation in aqueous solution it was necessary to. determine by 
not only the freezing point of the solutions, but also their pH and their conductivity, in order to allow for the conti- 5 
bution made by ions (Cl*, H’, and complex cations) towards the overall depression of freezing point, - 


We intead in a fwture paper to give a detailed de: cription of the assumptions and methods wed for the caleu- sr 
lation, from the experimental data obtained for these complex cases, of the molecular weights of our coordination 
compouads, The complexity is due to the following: the non-electrolytes when in solution undergo conversion into 
electrolytes (e.g., [C1G1(G1IH)H;OC},] into [CrGG1H)(H, O)3}C1,), and at the same time production of H ions from co- 


ordinated molecules, of GlH molecules by water, and polymerization processes take 
Place in the solutions, ae 


| 
Lane 
: 
| 
| 
; 


TABLE 


Compound 
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[CrG},(H,0)C1) 
171 


[CrG(G1H)(H,0)C1,) 


| (Cr(G1H),C1,) 
500 1157 665 
| [CrG1(G1H),C1)C1 
675 "1645 1728 
3833 


{Cr(G1H)g}Cl, 
6708 


‘It was found that the values obtained 
for molecular weight in dilute solutions are 


close to those expected for monomeric 


molecules, The molecular weights rise 
gradually with increasing concentration of 
the solutions, Table 4 gives the values 
found for freshly prepared solutions of the 
monochloride 


The molecular weight of the mono- 
meric form of [CrGl,H,OC1] should be 253.6, 


_ which is in fact found for 0,02 and 0,05M 


solutions, The value found is very consi- 
derably higher than the theoretical for 0.1M 
solutions and for 0.5M solutions it is 2.2 
times greater than would be expected for 
the monomer, The dichloride [CrGl(G1H) 
H,0C1,) is more highly polymerized in sola- 


tion, the apparent setniite welght in 0.2M solution being 2030, which is 1 times greater than that of che mono- 


mer (290.05), 


It was found that the values found for the molecular weights of armen in solutions prepared from the 
solid substances diminish with time after dissolution, to become, in the case of not very concentrated solutions, — 
finally constant, and close to thewalues for the monomers, The more concentrated is the solution, the more 
slowly is this final value achieved, and the more does it exceed that of the monomer, This is illustrated by the 
values for the molecular weight of ia eh atch 1,] found in 0,2M solutions at different times after dissolution, 


as given in Table 5, 


‘TABLE 4 
Concentration 0.02 0.05 M ! 0:067M 
| 248 


0.2M 


Mol, wt. 5 563 


. 


The final value of 316 for the 
molecular weight remains constant, 
within the limits of experimental ac- 
curacy. The final value for 0,5M solu- 
tions was 375, after very prolonged 

standing; the molecular weight of the 
monomer is 220. The molecular weight 


of this same compound in solutions prepared in two different ways was Compared, One solution (0,2M) was pre- 

" pared in the usual wzy, by dissolving a weighed amount of solid [CrGl(G1H)H,0C1,}. . For the second solution, the 
compound was synthesized by the reaction (Cr,G1,(Ol}),] + 4HCl —> 2[CrG1(GIH)H,OCI,], in dilute solution, which 
was then concentrated in a vacuum desiccator to the required concentration of 0.2M. In the former solution, the 
molecular weight was at first 7 times greater than that of the monomer, gradually falling to 316, In the latter 
solution, the molecular weight found was 288, which coincides with that of the monomer; it cid not change with 
time, and differs little from the final value obtained for the first solution (316). 


It is thus evident that polymeric molecules are present only in solutions prepared from solid substances, 
and that these polymetic "molecules gradually depolymerize in dilute solutions, If, however, the dilute solutions 
are prepared from compounds synthesized in even more dilute solution, and not isolated in the solid state, normal — 
values are found for the molecular weights. We would add that the changes in the experimentally found values of 
molecular weight of compounds in passing ee one group of thein to ane are paralleled by the changes in ~ 


viscosity of their solutions, 


Possible mechanism of polymerization of the 


The extremely high viscosity of concentrated aqueous solutions of the compounds, the continuous transi- 
tion from highly viscous liquids, which can be drawn out as long, thin threads, to vitreous, non-crystalline solid 
phases, and other observations, suggested to us the possibility of presence of polymeric (associated) complexes in 
the solutions of the compounds prepared by us, Direct determination of their molecular weight by the cryoscopic 
method confirmed this suppositica, and showed that depolymerization (dissociation of associated complexes) takes 


place when the solutions are diluted, 
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We suppose that, in colutions, the molecules of complexes contaizing NH 
molecules (GiH, APE) coordinawd with chromium be joined to each oiher by means of hydiogen 

bridges between free carboxylic of molecules of amino-acids coordinated with different sioms of 

chromium, Increase in the numbtz of GiH molecules coo:dinated with chzomium (foc example, in 

the trichloride serie from to should inczease the pzcbabilcy of fozmetion of 

hydrogen bridges between molecules of ihe cozzespozdizg compounds, This confirmed indivestiy by the ine : 
crease in the relative viscosity of che (cf the came molazicy) of the compounds under comparison 
served when successive inner ephere chlorine atoms oz water molecules ace replaced by Gl molecules (see 

vertical columns of Table 3), 


We also thirk it quite possible that, 
TABLE 5. oi in addition to association due to joining to- 
gether of different mcilescies by hydzogen 
pea hl 15-20 min | 3 hours | i dey bridges, some moiecules may be associated 
glycine bridges wich join chromium 
atoms belonging to dierent molecules, as 
Soltowss 
, 
Such bridges might readily be formed in the following wey. Molecules of water always exter the immer ~ - 
sphere of compounds in equeous sciution, known that moleccles of watez coontinated with possess 
acidic properties, ard ace trancformed into The may react with molecules... 
coordinated with atems of chromium: belorg’ng te other molecules, ss followss 
We ccppose that it is in this wey that uncteble muiti-cuciear complexes with glycine bridges sze formed, . 
Our study chow: that all compounds containing glycine cycles can foum multi-nuciear high molecelar complexes 
without change in their empicice! ferris, Ley foum polymex, It is, howevez, evident thet trichiorides 
of all series not containirg glycine cycles cennct give ris2 to polymess witk Gl bridges, and it fs to this thet we’. 
ascribe the fall in relative viscouty olcerved Table 3) iz pascirg fem dichlorides to trichlocidecg trichlorides. 
cannot fozm Gl bridges, although they aze able te gtve rise to H bridges, 
Received Apzil 25, 1951 N.S. Kurnakov Institute of 
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ADDITION REACTIONS OF PERFLUORO+ OLEFINS 


- Tetrafluoroethylene, trifluorcethylene, and other fluoro-clefins ‘ have certain specific chemical properties, 
shown in their ability to take part in reactions which are not characteristic of olefins, and in their low reactivity 
in typically olefin reactions, -Tetrafluoro- and trifluorochloro-ethylene readily add on alcohols in presence of alkas 
line catalysts, to give the corresponding ethers [1}; thus tetrafluoroethylene and ethanol readily yield 1,1,2,2+tetra = 
fluoz odiethy? ether, Ethylene and other olefins do not react with alcohols under these conditions, 3 


Tetrafluorocthylene readily reacts with amines, giving probably as the primary product a 1,1, 2, 2tetra- 
fluoroethylamine derivative, which cannot be isolated due to its ready hydrolysis, with production of N-substituted © 
\ 


difluoroacetamide [2,3,4) 
CF,=CF, + R,NH—> [HCF;-CF,NR,] —> | 
The reaction with ammonia proceeds similarly [4], giving difluoroacetonitrile, which polymerizes 2 


spontaneously to yield ti-(difluoromethyl)-triazines 


as gives a number of products with sodium hydrogen sulfite [4], the most important being 
sulfonate and sodium difluoroacetateg 


CF,=CF, + NaHSO; + HCFg-COONA, 


re of difluoroacetic acid is ascribable to the mobility of fluorine atoms, which are eoneey’ eliminated 
from = a-carbon atom during hydrolysis 


(HCF,-COSO;Na] + 2HF —> HCF;-COONa + SO, + 2HF, 


me It is ‘evident from the examples givén that tetrafluoroethylene reacts readily with substances which are of 
the nature of nucleophil reagents, 


‘The reactions are in many cases, such as those with primary and secondary amines, associated with evolu: — 
tion of heat, whereas the corresponding reactions either do not proceed at all with ethylene, or do so only with 
considerable difficulty, Addition of halogens or of hydrogen halides to > fluoro-clefins takes ‘Place with much greater 
difficulty than io olefins, 


! 

Fluoro-olefins are distinguished by a strong tendency towards polymerization; perfluorochlorovinyl and, 
under certain conditions, tetraflucroethylene polymerize spontaneously when stored, and cases of the almost ex= - 
Pplosive polymerization of fluoro-olefins ure known, Not enough is known, however, of the reactions of polymeri= 
zation cf fluoro~olefins to enable us to spcak more definitely of their mechanism, t 

It may be concluded that it is owing to the electronophilic nature of polyfluoro-olefins that ‘cine with 
nucleophil reagents may be realized by an ionic, rather than by a radical, mechanism, The addition of nucleophil - 
reagents, which are donors of electrons, to fluoro-olefins is related to the very high electronegativity of fluorine, 
which attracts electrons from the carbon atoms of fluoro-clefins, This causes weakening of the a-bond of tetrafluo- ; 
roethylene, which fer this reason is not able to participate in the reactions vo addition typical of olefins, and, on the ~ | 
contrary, acquires a special affinity for nucleophil reagents, : 


A comparison of the chemical properties of tetrafluoroethylene with those of oiaiie strengthens our view a 
regarding the differences betwecn the m-bonds of these substances, resulting from modification of the electron 
density of the bonds, The fluoro-olefin molecule is an acceptor of electrons, whereas ordinary olefins are donors . 


279 


: 
3% 
4 
‘ 
: 
i 
3 
. 
¥ 
ere 
. 
a9 
4 
- 


thereof, It may in this conneciicn be supposed that the initial process determining the reactions of tetrafluoro- 
ethylene is that of addition of the auion of the nucleophil reagent, which donates its electrons, aud not the 
addition of cations, which is typival of reactions of addition to ethylene [5]. 


This supposition of addition of anions to tetrafluoroethylene is not without seneedent, it is well known that 
compounds containing the cartwnyl group (aldehydes, xctones) readily enter into reaction with nucleophil reagents, 
such as bisulfites, alcohols, ammoni, alkylamines, etc, These reactions sheets with addition bad anions to a carbon — 
atom, functioning as a positive center [5], 


The difficuliy with which bromine adds on to. (photo-activated at is’. 
also ascribabie to the special nature of its m-bond, As has been mentioned before, this circumstance is evidence: . 
of the attenuation of the and corresponds closely with the non-addition to tetras. 
phenylethylene ‘of bromine urder the ordine ry conditions, The weakening of the bond in tetraphenylethylene | i. 


due ‘basically to conjugation of the electrons of the double bond with those. ‘of the benzene rings, together with an-. 


‘We have shown that the’ structural peculiarities of caludiiammniimes are reflected in the properties of PaaS 
the products of addition to it of halogens, The reaction between sulfhydryl] compounds and 1:2 -dibromotetras:.#...i") 
fluoroethane or symmetrical difluorodichlorodibromoethane leads to regeneration of fluoro-olefins and to forma- 
tion of the appropriate disuifides, This reaction of oxidation of mercaptans is evidence of the lability of the 
bromine-carbon link in the 1:2-dibromotetrafluoroethane molecule, and may be explained on the basis of the 
above-described peculiarities of the structure of tetrafluoroethylene, which lead to the polarization of this bond 


The attenuation of the 1-bond in perfluoro-olefins i is the reason for the extreme instability of their i ' 
mides, which are formed with difficulty, and which possess oxidative properties, Ethylene dibromide, on. the. 
contrary, reacts readily with mercaptans, with production of eultides 


. 


- 


The powerful electronegative effect of fluorine is also frequently exerted on the Sena thus the cc 
bond of hexafluoroethane is weakened 2s a result of abstraction of its electrons, and is broken by the action of 
bromine at raised teraperatures, with production of two molecules of trifluorobromomethane [7], This effect is 
closely analogous to the dissociation of hexaphenylethane, which contains six electron-attracting radicals, The 
affinity of fluorine for an electron is equal to 95 cal,, and that of the phenyl group is much less, and if the dis- 
sociation were to be due to the induction effect only, hexaphenylethane would be expected to dissociate less -- 


readily than hexafluoroethane, In fact, however, hexaphenylethane : dissociates more readily, since e in the given 
case the effect of conjugation dominates, ; 


A consideration of all these circumstances led us, in 1948 and 1949, to study pe addition to imectiaiinn 
of mercaptans, as typical nucleophil reagents, Various mercaptans reacted with tetrafluoroethylene,. triflucrochlo- ‘ 
or 1; in presence of alkaline as follows: 


CEJ=CF, + RSH —> SR 
CF,=CFCl + RSH—> CFCIE-CF,-S-R 


- 


Of thé three fluoro-olefins studied, the most reactive was found to be 2,1, <ateneiititiinaiiiiiies: = 
(perfluorochlorovinyl), The high reactivity of CF,=CFCl is probably ascribable to the polarity of this reagent, 
since only such polarity, due to the asymmetrical structure of the molecule, could explain why addition of anions 
takes place preferentially at the carbon atom combined with fluorine only, i.e.,.at the atom with the smaller. ee 
electron density. Similarly. the products given by alkylamines with perfluorochloroviny] are fluorochloroacetamides,.” 
not difluoroacetamides, As was expected, addition of ethylmercaptan to perfluorochlorovinyl does not take place in» 
absence of catalysts or in presence of peroxides, In accordance with the viewsexpressed above, addition takes place 
when the fluoro-clefin is heated under pressure with 3-5% of anhydrous sodium or potassium hydroxide, as catalyst. 


Methyl, ethyl, and isopropyl mercaptan were thus made to react with perfluorochloroviny], to give methyl 


1,1,2-trifluoro-2-chloroethyl sulfide, ethyl 1,1, — 1,1 
isopropyl sulfide, in 60-80% yields, 
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The sulfides so obtained weze colorless, transparent, mobile liquids, with a characteristic unpleasant odor, 
Thiophenol reacts with perfluorochlorovinyl. to other mercaptans, giving 
ethyl sulfide, in over 80% yield 


The sulfide so obtained was pu irified by fractional distillation; it had a pleasant that of: 
the prodacts of addition of thiophenol to olefins, * 


Some of the sulfides prepared by us were converted by elimination of a fivoride oe penned: 
sulfides, Individual products could not be cbtained by elimination of hydrogen fluoride with alcoholic alkali, in 
the usual way, and all attempts at separating the complex mixture of products so obtained were unsuccessful, The 
only substance isolated in a pure state was the product of addition of amyl alcohol to the vinyl derivative sae 
by elimination of hydrogen fluoride, 


Better results were obtained by heating the initial saturated sulfide with nines alkali at 110-130°, 
simultaneously distilling off the unsaturated product, Thus 1,1,2-trifluoro-2-chloroethyl ethyl sulfide gave 1,2- 
difluoro-2-chlorovinyl ethyl sulfide , bsp, 106-107*, a colorless liquid with a characteristic odor, and methyl 
1,1,2-trifluoro-2-chlozoethyl sulfide afforded 1, sulfide, a liquid of 

b.p. 88-89% 
—HF 


-HF 


The peoperties of the products obtained are given in Tables 1,2 sind 3. 
EXPERIMENTAL 
1 _Methy! 1,1 ,2-trifluoro-2-chloroethyi sulfide, A mixture of 17 g of perfluorochlorovinyl, 8 g of methyl 


mercaptan, and 0.3 g of sodium hydroxide were heated for 6 hours at 115-125° in a stainless stee] autoclave of 
100 ml capacity, Unreacted olefin was distilled off, and the residue was washed with alkali and extracted with 
_ ether, The ethercal éxtractwas distilled to remove solvent, and the residue was fractionally distilled, to give 10.6 g 


of pure product of b.p, 164°, Yield: 70% on reacted olefin, 


The addition product, methyl a2 ,2-trifluoro-2-chloroethy! sulfide, isa transparent, mobile liquid with a. 


specific oddr, Analytical data, densities, and refractive indexes for this and other sulfides obtained similarly are 
given in Tables 1 and 2, - 


IL _1,2-Difluoro2-chloroviny] « ethyl sulfide. A mixture a 10 g of ethyl 1,1 sulfide 
with 6.5 g g of anhydrous potassium hydroxide i is heated in a flask connected with a condenser, in an oil bath at 120- . 
130°, collecting the unsaturated product of the reaction, which distils off at 105-107°. The distillate, after drying 
and redistillation, is 1,2-difluoro-2-chlorovinyl ethyl b.p, 106 “107, a mobile 
cal and other data are given in Table 3, * 


IIL, Reaction of tetrafluorodibromoethane or with 
mercaptan_ sodium salt, 


- 


1, Ten g of a mercaptan and 4, 6 g of potassium hydroxide in 4 ml of water are e placed ina 
round-bottomed flask fitted with a reflux condenser and a dropping funnel, and 13 g of warm symmetrical difluo- 
rodichlorodibromoethane (m.p, 34°) are added drop by drop, The addition of this substance is associated with . 
considerable evolution of heat, with precipitation of KBr, and with copious ‘evolution of a gas, which is condensed 
as a liquid in a receiver placed in a freezing mixture, After all of the dibromo-compound has been added the re- - 
action mixture is heated for 1 hour at 60-65°. A total of 3.6 g of volatile liquid is.collected in the receiver, ‘ 


The residue in the flask is diluted with 30 ml of acetone, and is separated from the salt, the dry mass of - 
which is 8.5 g. The acetone solution is dried with anhydrous magnesium sulfate, the acetone is distilled off, the 
residue is dissolved in chloroform, and the solution is treated with thionyl chloride, Excess of thionyl chloride 
and chloroform are distilled off, and the residue is fractionally distilled under reduced pressure, Four g of main 
fraction, b.p, 103-105°/2 mm, are‘obtained. The appearance and the characteristic odor cf this product, as well 
as analytical and refraction data, show that it is identical with ethyl 2,2-dichloroethyl sulfide: d®® 1.341; nf} 1.5720, 
Calculated 46,23, found MRp 46.65 (previously 
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Olefin 
CF,= CFC] | CH,SH He 104 | 1,389/20° _'1.4083/20° 
pico. | | 16-83 | | | 1.4158/17° 
Ditto GH SH 60 | 1246/18" | 1 3735/18" 
crai-crci | cH 60 58.5/15 | 1.355/20* | 1,5900/20" 
Dito GH SH 138 1.425/20° | 1,4612/20° 
* (cHy,CHSH (CH), CH-S-C,F,C1,H 158/738 1,802/25" | 1.4594/20° 
. | cgsH CHS-GFCH 93/3" 1,400/20° 


“NOTE: NaOHor KOH served as cm of the adattion reactions, The duracicn of the addition reactions 


was from 3 to 6 hours, 


Formula. . Mol, refraction [eatin Fluorine, % Chlorine, % 
Calc, | Found | Found | Calc, ; Found | Calc, | Found 
 /28.47 | 29.14] 19,50 | 20.09] 34.55 | 34.05 | 21.57 | 22,18 
CHs-S-C,F,CIH ....... {33.61 33.26 | 17.96 18.93 | 31,65 | 32,11 | 19.86 | 19,87 
(CH;),CH-S-C,F,CIH..... {37.72 | 38,03 | 16,55 | .16.80| 29,60 | 29.03 | 18.41 | 18.66 
|47.92 | 48,44 | 14.15 | 14,52] 25,15. | 25.46 | 15.65 | 15.75 
(28.77. | 23.96 | 21,62 | 22.04] 51.35 
......... [28.88 29.68 | 19.77 | 19.89] 46.87 | 44.76 | — 
...... (32.90 .| 33.30 | 18,10, | 18.32] 43,00 | 43.26 | - 
142.93 | 42.35 | 15.23 | 14.80] 36.09 | 35.96 — 
| CHs-S-C,F,CLH........./33.26 | 33.57 | 17.71 | 17.26] 20.99 | 19.89 | 39,17 | 38.87. 
C,Hy-S-C,F,Cl,H ......../38.92 -| 39.94 | 16.42 "| 16.91] 19,50 | 19.41 | 36.30 | 36.80 
(CH,),CH-S-C,F,Cl,H ...../42.60 | 43.28 | 15.25 | 15,09] 18.15 | 18.39 | 33.99 | 34,08 
-CoHs-S-C,F,CLH......../53.84 | 53,74 | 13.20 | 12,96] 15.61 | 16.22 | 29,05 | 28.05 
CaHs-S-C,F,Cl........-../32.65 | 32,58 | 20,21 | 19,81} 23,97 | 24,94 | 22,36 | 21,70 
CHyS-C,F,Cl ..........|28.10 | 28.72 | 22.19 | 22.25] 26.29 | 26.62 | 24.53 | 23.8R 
. |53.29 | 53.94 | 13.78 | 14.39] 16.33 | 15.85 | 15.94 | 14.97 


The volatile liquid collected. in the receiver boiled at 22°, and was 1, 2-difluoro-1 2-dichloroethylene, 3 
was identified by treatment with bromine in a sealed steel cylinder at 50°, which gave a liquid product, most of. . 
boiled at 42-45" /20 mm., and at 32-64", mixed m.P. with difluorodichlorodibromoethane 34°, 


. 


Calculated %; F 13, 33 
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2, Exght g of teraflucro~i,2-d:bromoethane is added gradually to 11 g of 2-hydroxyethyl mercaptan and — 
5 g of potassium hydroxide in 5 rol of water, The rcaction mixture becomes hot, and gas is evolved, The gas 
(1.6 1) is condensed in a freezing rxiuie, and the condensate is ueated with bromine: ina steel cytnden, for 
1 hour at 80-90°, The oil so obtained boiled at 48°, ; ° 


Found %: F 30,43 
Calculated F 29,32 


The reaction product was separated from the potassium bromide formed, and was sited as in the pre- 
ceding experiment, Vacuum fractionation gave a product of bp, 102-105°/2 mm., the absence of fluorine from 
_ which, together with the anslyrcal and zefsaction data obtained, and with its characteristic odor, suggests that 
it is the same disulfide as was obtained in the preceding experiment, 


‘Found $ 34,95; 0137.94 
Calculated 34,507 C1 37.80 


Calculated MRp 46.23; experimentally found MRD 45.96, 

1, It has been shown that,” 
owing to the lowering of the 
electronic density of the m-bond 
C,Hy-S-C,F,C1H | 106-107 | 1.282 [1.4385 of tetrafluoroethylene it assumes 
| CH;-S-CF=CFCl 88-89 | 1.324 ]|1.4390 an elecironophilic nature, asa_ 
CH;~S-C,F;C]IH | CHs-S-CFH-CFCI-OC,Hy) — 13/3 1,190 | 1.4640 result of which it readily adds on 

nucleophil agents, in 
mercaptans, 


2. A series of new fluorine-containing sulfides have been obtained from addition of methyl, ethyi, and iso- 


propyl mercaptans, and of thiophenol to tetrafluoroethylene, perfluorochloroviny), or symmetrical difluorodichloro-. . 


Initial sulfide Product of elimination 
of hydrogen fluoride : 


3, Elimination of hydrogen fluoride from dhe fluorochloro-sulfides gave alkyl fluorovinyl sulfides, 


4. The reaction between teirafluor odibromoethane and alkyl mercaptides involves the oxidation of the 
latter, with formation of disulfides and of 
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2-(2°-NAPHTHYL)-2-AMINOFROPIONIC ACiD AND ITS PYRIMIDINE DERIVATIVES 


PART 2 


We and B. I. Kurtev. 


| 


The corresponding *uzeido~ or are often prepared from B-emino~scids, for theif 


identification, These derivatives sezdily eliminete one molecule o of water, to internal 1 anhydsides, the so> 
called dihydro- oz hodthydrowactins 


RCH(NE,) RCHCH,COOH  R-CH-CH-CO 


ait 


The ureido acids, dihydowacils, and thei: analogs are in most cases readily crystal- 
. lizable substances, which are muck less cotuble in water then ave the pavent amino-acids, Very many of them 
possess specific biologicat activity, ard crudy is of considerable interest, Having previously prepared 2- 


(2*-naphthyl)-B~alanine in good y--i¢ [i], we have row prepazed a number of characteristic of this 
substance, 


(2°-naphthyl)-pzopionic, azd 2-(N,-sr-e D.opionic ac’d, as starting products for the . 

synthesis of the The of these substances was obtained in in excellent 

_ yield by heatirg with wea fn aqusous dohazong 


| + N3,CONH, ——> B-CiH CEC? 


It was found that the amide of the wetdo acid was cbtained as a by-product, in “about ‘Lo yield; its: - 
structure was establistied by hydrolyzing it the tree acid, and by corvertirg it into 


by heating the molten sebstance, Ammioria is evolved dwing this reactions ~ 

CyiyCHCH-CO 

; 


: Formation of amides of B-uretdo-acids from B-amino acids ard urea has not tilt now been reported, and, 
‘ 


in fact, there is no mention cf any such amides in the litezature, The amide was, for this. reaton, also synthesized Z 
from B-naphrhyl-8~-alanine and sodium cyanate, in the usual 


onic acid was prepared from ~alanine salt and 
phenylisocyanate in aqueous solutions > 


4N,-methylureido)- 6-n 1aphthyipcopionic acid was from and’ 
sodium cyanate in boiling aqueous solution, : 


Conversion of the weido acid ard of N-m ylazeido acid d! ‘cwacils is effected in good yield 


boiling with dilute kydrochiovic acid, Ring closuze does rot take place under these condttions with the w-phenyl- 
ureido acid, the reaction being one of full tion, forma:ion of B- acids: 


—> CH, CH=7CH-COOH, 
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rhe appiopriate phenylnuphthyldibydsouracil wes prepared in small yield (30% of theory) by prolonged 
boiling of the phenyluzeido acid with dilute hydrochlozic acid in mothenal (10 parts by volume of 10% hydro- 
eed acid and 1 volume of methanol) 


‘OH! 


¢ 


With stronger acid the scle reaction is methylation of the ureido acid, The tendency sowards ting closure 
is lowered, ard towa:ds deamination raised, by attachment of a phenyl group to the nitogen atom, Formation of 
B-naphthyldihydiothiouracil from 8-naphthyl-B-alanine and potassium thiocyanate by heating with hydrochloric 

.acid similarly takes place with considecable difficulty, the yield being less than 27, The intermediate stage of 
formation of thiouzexh acid was nox observed, The reaction proceeds as follows; 


was confirmed by it) desulfuration, to give naphrhyldi- 

-hydrouracil, An attempt to prepare analogously from B-napkthyl-N-methyl- 

B-alanine was unsucesssful, as deaminazion takes place, and only naptthylecrylic acid was separated from the 
reaction product, 


We have also investigated the possibility of pzepazation of amino (imino)-pyrimidines by ring closure 
of the appropriate guanidino acids, A purber of methods of conversion of B-amino acids into B-guanidino 
acids have been studied in our labozatory, and we found, together with Urbanskaya [1], that the best method for 
preparation of B-guanidino desivatives is that based on the reaction between B-amino acids and O-methyliso- 
wea [1} 


RCH(NH,)CH,COOH + —> RCH /NH-C-NH) CH,COOH, 
HC Hy OCH, ( 


_ Guanidination of B- -(B-naphtbyl)- Bvalanine takes place with difficulty, the yield not exceeding 15%, This 
result is closely connected with Uxbanskaya’s ezzlier observation that B~amiso acids with aliphatic radicals substi- 
tuted in the B-position ere moze readily guanidinated than where the subsittueut is a phenyl group, and that the 
reaction p:ocecds the moze readily the smaller is the molecular weight of the ~~ radical, The high molecular 

- weight of the napithyl zadical leads to a reduction in the yield, w.15%, 


’ Ring closure of guant dinonaphthylp:opionic acid does not take place at all, the wanes being one of 
deamination with production of naphthylacrylic acid, 


. Zvorykina [2) has shown in an earlier paper from our laboratory that the amides of acyl oubaitins of B- 
amino acids readily afford texahydropyzimidines by the followirg reactions: 


N=0-C iH, 
NHCOC;H, = 
SOC}, +NH, 
cH-co-ct Hy 


"This reacti ion was pe: formed with N: giving 4-0x0~1+(B -naphthyl)-2-methyl- 
344, 5,6-tetrahydrop; ycimidine, 


The uieido acids and pyrimidine Satan synthesized are given in the following Table, 
-EXPERIMENTAL 


~B-(B acid. 2,15 g of finely 8g 
ofu urea, and 45 ml of water ace heated on a boiling water bath for 15 hows, The substwates gradvally pass into 


solution, and after 2 hrs, the reaction mixture fs a slightly turbid solution with a songly ammoniacal odor, ‘After 
cooling, 10 ml of 4%aqueous alkali should be added, in order to prevent possib'e prematute separation of the 
ureido acid, The solution is filtered, in order to remove the insoluble residue which usally forms, The filuate 
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TABLE 
Formula and name Yield% | M.p.of pure. 
substance,°C 
with foaming 
| 
NH-CH-CyHy 
acid, . . . -178,5-179,5 
with foaming 

Hy 180-181 
B-N-Methylufeido- *-naphthyl)-propionic acid... with foaming 

68 *- Naphthyl)-l-methyldihydrouracil. . .. 200.5-201.5 
— 

q 287 


; 
| 


is extracted a few times with ether, and the aqucous residue is made acid to Congo-red with hydrochloric acid,’ *. 
The voluminous precipitate is co!lected on the filter pump, washed with water, and dried on a porous tile and" ~~ ** 
then in an oven at 70°, The yield is 2.38 g (about 92.5% of theoretical), and the product melts at 196-197°, 

with foaming, The dry product is recrystallized from alcoho!, when the m,p, rises to 199-199,5°, with charac- 
teristic foaming. The ureido acid is not soluble in ether, benzene, or cold water, slightly soluble in boiling © 

water, rather more soluble in coJd concentrated hydrochloric acid, and readily soluble in dilute alkalis, It 
is difficultly soluble in cold methanol or but in the ip acetone 
are similar, but somewhat lower, 


Found %s' G 64,89; 65,14; H 5.19; 5.28; N 10,48; 10,45. 
Calculated %; C 65,4; H5.42;  . N 10,85. 


Tie residue obtained by filtration of the alkalized reaction solution is dissolved in boiling alcohol, and 
the solution is filtered while hot from insoluble impurities, Silky colorless crystals separate from the filtrate on 
cooling; the yield is 0.11 g (4.2% of theoretica!), m.p, 213,5° (with decomposition), The properties of this product, 
and the analytical data obtained for £t show that it is B-uceido-8 (6 -naphthyl)-propionamide, 


When heated with aqueous aikai! the substance dissolves readily, with evolution of ammonia, oa addition 
of acid to the cooled solution causes precipitation of a compound of m,p, 196-197° (with foaming), which does not 
depress the m.p, of B-ureido-B-(B-naphityl)-popionic acid, The substance evolves emmonia when heated at the 
m.p. in a test-tube, and the molien pzoduct rapidiy crystallizes, The solid so obtained is recrystallized from alco- 
hol, to give a product of m,p, 244-245°, mixed m,p, with pure 6(B-naphthyl)-dihydrouracii 245°, The substance 

~ does not depress the m.p, of B-ureido~ from the amide of 
B-alanine and sodium cyanate, 

Found C 65,59; 65.72; 35.81; 5.64; N16,29; 16.47. 

Calculated % C 65,317; 5.83; N 16,34. 


B -Ureido-B -(6 -naphthyl) -propionamide, A solution of 0,215 g of the amide of 8-(B-naphthyl)-B- 
alanine and 0.072 g of sodium cyanate in 7.6 ml of about 2% sulfuric acid is heated for 5-10 min. oma boiling © 
. Water bath, and the crystalline precipitate sepazating from the cooled solution is collected on the filter pump, 
The yield of product, m,p, 216°, is 0,20 g, i.e,, 2zbout 80%of theoretical, All the properties of the product coin- 
cide with those of the amide obtained as a by-pzoduct of the symthesis of 6 ~fReido-B ¢B -naphthyl)-propionic acid, 


8 -(w-phenylureido)-8-(B-naphthyl)-propionic acid. Phenylisocyanate (0.68 g) is added drop 

by drop, with constant stirring, and cooling the reaction vessel with ice, to a solution of 1,08 g of B-(B-naphthyl)- — 
B-alanine in 10 ml of 4% aqueous sodium hydroxide. After a few hours the reaction mixture is diluted with 

water and filtered, The filiate is extracted with ether, and is made acid with dilute hydrochloric acid, The . 
oily precipitate separating solidifies after a few hours, when it is collected, washed and dried at 79°. The yield 

of product, m.p, 160,5-170,5° (with foaming), is 1.45 g (87% of theoretical); after crystallization from aqueous 
alcohol and then from aicohol alone the m.p, rises to.178,5-179,5° (with foaming), The substance crystallizes — 
in colorless prisms, and is insoluble in ether or benzene, fairly soluble in cold alcohol or acetone, and very 


soluble in hot alcohol or acetone, It is insoluble in water or mineral acids, and is readily soluble in re 
_ alkalis, 


Found %: N&,73; 8.8L. 
Calculated}: N 8.38. 


B-(N, -methylureido)-8 acid, A mixture of 0. 38 g of 
8-N-methyialanine and 0,20 g of sodium cyanate (85% excess) in 10 ml of water is heated for 4 hours on a 
boiling water bath, The cooled solution is filtered, and dilute hydrochloric acid is added to a strongly acid 
teaction to Congo red, The voluminous precipitate is collected, washed with water, and dried first on a porous 
tile and then in an oven at 70°; yield 0,32 g (about 72%of theoretical), After two recrystallizations from alco- 
hol the substance has m,p, 180-181°; it is sparingly soluble in cold alcohol or acetone, but more soluble in the 
hot solvents, insoluble in ether, benzene, water, or mineral acids, and readily soluble in beeen ouremen 


6-(8 -Naphthy)-dihydrourac A solution of 2.58 g of B-ureido-8 acid in 100 ml 
of concentrated hydrochloric acid (d 1.18) is boiled for 30 min,, the precipitate which separates from the cooled 
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solution is collected, washed with water, and dried at 70°, The product, weighing 2,33 g, and melting indefi- 
nitely at 225-234", is treated with boiling ethanol (50 ml), the suspension is filtered hot, and the residue is . 
washed on the filter with two futher small portions of hot ethanol; the m.,p, is thus raised to 244-245", After 
one more recrystallization from a large volume of alcohol 1,10 g of analytically pure product are obtained, . 
m,p, 245-246%;,the alcoholic filtaie yields a further 0,55 g of this substance, The total ace is 1.65 & Le, 
13 % of theoretical, 


| Naphthyldihydrouracil cxyenilices in small colorless prisms, often joined in rosettes, It is sparingly 
soluble in the ordinary organic solvents, not very soluble in boiling alcohol, ‘and insoluble in water or mineral - 
acids, It is fairly readily hydrolyzed by boiling 4-5% aqueow} alkalis, to ureidonaphshylpropionic acid - 


Found %: C 70.20; H 4,48; N 12,04, 12,12. 
CyHy,0,N,. Calculated $:. C10; 5,0; N 11.66, 


. 


Attempted ring closure of B- -(w-phenylureido)-B -naphthy1)-2- propionic 


1, Boiling the phenylure:do-naphthyl-propionic acid with acid gives B46 
acrylic acid in practically theoretical yféld, : 


2. Boiling with hydrochloric acid and methanol leads to formation of methyl uohenyreldy- 
-naphthyl)-2-propionate, 


‘ mixture of 0,66 g of ‘B-phenylureido-B-naphthylpropionic acid, 20 ml of methanol, ont 5 ml of con- 
_  centrated hydrochloric acid (a 1,18) is boiled for 5 hours on a water bath, the solution is cooled, and water is 
added, The precipitate separating is collected after 3 hours, washed with water, and dried at 70-80°; yield 0,66 é 3 


of substance of m.p, 136,5-140,5° ei 89.5% of theoretical), After recrystallization from aqueous alcohol :. 
m,p, rises to 142-143°, 


The methyl ester crystaJlizes from aqueous alcohol in the form of colorless prisms, insoluble in water, 
alkalis, or acids, readily soluble in acetone, sparingly soluble in cold, but readily soluble in hot, benzene or : 
alcohol, and sparingly soluble in ether, It is rapidly hydrolyzed by dilute alkalis to the corresponding acl, .. >=: 


Found C 14,42; 72.34; H 5.66; 5.73; N 7.81; 7.88. 


3. Preparation of 3-phenyl-6-(6 -naphthyl)-dihydrouracil, A mixture of 1,67 g of B {w-phenylureido)= : 
-B-(B-naphthyl)-propionic acid, 100 ml of 167% hydrochloric acid, and 10 ml of methanol is boiled for 15-20 hrs, 
on the water bath, Visible dissolution of the initial acid is not observed, The cooled reaction mixture fs . 
filtered, giving a residue cf 1,12 g of a substance, m.p, 182-207*, which is dissolved in a large volume of | 
boiling alcohol, The solution on cooling deposits 0,47 g of crystalline ‘stage (30% “ theoretical yield), 

M,P, 232-233°, raised by repeated crystallization to 233-234°, 


3-Phenyl-6-6 -naphthyl)-dihydrouracil crystallizes in short colorless It is difficuldly soluble in 
water, alkalis, acids, ether, benzene, and cold alcohol, and sparingly soluble in boiling alcohol, It is readily oe 
hydrolyzed by betting dilute alkalis to phenylureidonaphthylpropionic acid, 


Found C 75,63; 15.57; H 5,31; 5,13; N 8. 99, 
Calculated %o: Cc “"95 H5, 105 Ne :8.88 - 


6-(8 -naphthyl)-1-methyldihydrouracil, A suspension of 0,54 g of siabeniinienetiaioaesaclains 
propionic acid in 24 ml of dilute hydrochloric acid (1;1) is heated for 90 minutes on a boiling water bath; dissolu- 

tion of the substance is not seen to take place, The cooled suspension is filtered, and the residue is washed with | 

water and dried at 100°, The yield of crude product, m,p, 190-195*, is 9.5 g; the mp, rises to 196-199" afterone.  -” 
recrystallization from alcohol, and further purification is effected by dissolving in boiling alcohol, and adding “ aoe 
two volumes of ether, when 0.38 g (70% of theoretical) of pure product, m,p, 200,5-201,5°, separates, “ 


6-8-Naphthyl)-1-methyldihydrouracil crystallizes in thick prisms, It is insoluble in cold, and slightly 
soluble in hot, water, and is more soluble in alcohol than in water, and even more so in acetone, It is insoluble - 
in ether, The substance is rapidly hydrolyzed by hot alkalis, 


Found %: C 71,07; 71,26; H 5,57 5.61; N 11.0% 11,29, 
Calculated C 10,853 15,55; N 11,02, 
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the weight off taken) of unreacted intial substance, 


&-Gus Guenidino-B- S-naphthy?: acta, A sclation of 5.94 of o-zethyl? sourea a hyd rochteride 


2-Thi0-6 B-naphthy) A etxture of 2. 15 g “of f-naphthy?: i. 52 of, 
‘potassiun thiccyanate, and 1 mi Of Concentrated hydrochtorze acid in 15 ml cf water is evapovated 
dryness on a water bath, and the powdered residue is heated on the oii bath at 145-150 for 2-3 hrs. “ 
The ccoled product is heated for’ 10 min at 100° with 20 mi of 4% hydrochioric acid, ‘and the residue is *~ 
collected, washed with water, and dried. The product, weighing ‘1,72 g, melts at 144-197° with partial.‘ 
decomposition at about 160°}. Neutralization of the fiitrate with sodium acetate gives baad g (17. ™% of: 


The - of mp. 144-197" is in 130 mi of -beiling alcoho}, and the solution is 


cooled, when a substance containing sulfur and nitrogen separates, m.p. 239- 241. 5°, yield 0.57 g, i.¢. 


22% on total, or 27% on reacted, naphthyl-$-alanine, Repeated recrysta:lizations finaily gave a product 
of n.p. 261-262. 5°, analysis of which ‘showed that it is still’ not quite pure. ; 


Found %: N ‘10.52; 10, ‘58; 81; 12.01 

@-naphthy!: thydrouraci insoluble in’ ether or soluble in cid. 
alcohol or acetone, and readily soluble in hct alcohol and acetone. It is insoluble in water or minsrel — 
acids, but is easily dissolved without decomposition in alkaline sclutions. 


Conversion into 6- A amount of o-this-6- 
is heated for 25 hrs, with a large excess of iead acetates in aqueous alcoholic solution, after which the 
alcohol and sowe of the water are distilled cff, and the cssied residual solution is filtered, The black 
residue on the filter is repeatediy extracted with small emounts cf boiling alcohol, and ths combined 
extracts are stcod for 24 hs surs, to sive a deposit of small prisas; joined in, rosettes, of mp. 245-246", eo: 
not depressing the mp. sf a sample of 6--&-narhthyl,-dihvdrouracil, prepared by a different method, but 
giving a considerabie depression of the mp. of 2-thic-6- 8-naphthyi\-dihydtcuracil, to 220°. 


Atl attempts at.preparing 2-this-6 by a simiiar method were. 
unsuccessful,. the deamination ‘ acid being in ali cases, 


(@.p. "117-118" ) in 3) ml of anhydrous methanol is ccvied in a freezing mixture, and added to a simiiarily 
cooled solution of 1.35 g sodium in 30 ml anhydrcus methancl. The sodium chloride separating out after . 
15 minutes is filtered off, aid is washed with ccoled anhydrous methanol, The clear solution of 
O-methylisourea.so obtained is added ts-6,45 of finsly powdered #~- A-naphthyl;-@-alanine, followed by 
50 ml -of' water and about 300 ml methenoi, with mechanical stirring. The reaction proceeds very slowly, 


the B-amino acid does not dissclve for a long time, and the scluticn is stirred nechanically for 15 days, 


The methanol is then distilled off under reduced pressure, on a water bath at 40- 50°. The first parts of - 
the distillate’ have a strong emacnia odor. The precipitate separating after elimination of methanol is 
collected after a day, and washed with smaii esounts cf water; the yield is 1.27 g, m.p. 233-23 s6° (with 
decomposition}. A smail ancunt cf substance of mp. 126.5-129:5° separated from the fi .trate on the 
following day; the amount was too small ts permit of its examinaticn. The product, of mp. 233-236°, is 
dissolved in dilute hydrochlcric acid, the scluticn is extracted several times with ether, and excess cf. 
concentrated annsnia is edded. The precipitate forming ts collected and washed with watsr; -yisid 117 ¢ 
‘about 15% of theoretica.;, mp. 235-240" ‘with descapssitica’, rising to 249-250° ‘aitb decomposition’. 
when recrystallized frcm aquesus aisohe:. #-naphthy. -prcopisn‘c asid,is a finely cryst- 
alline powder readily soluble in cold dilute acids and in boilzag agquecus aicchsi, bat difficuty. 
soluble in cold water and alcsho!, 
. Pound N 16. 46; 16, 25; 16.34. : 


acid were unsussessfui, as 


All attempts towards the. cyciization of 
aczd, tc gave 3-naphtay? acid in good 


4-0x0-6- 4, 5,6 tstrahydre pyrin: A mixture of 1.28 € 


;-£-alanine ‘mp. 226-228", Bn mi of | anhydride aS heated for $ hrs on an oi) bath 
at 140°. The excess cf acetic anhydride is distitled off under reduced poneeaee. sn an cii bath at about © 
130°, the last traces being decomposed by bsiting with 25 m. of water for 20-30 min.; 9 smali ansunt of. . 
crystalline material separates from the aqueous soiuticn on czoling. Th: “otly residue in the fiask is 
extracted with a smali amsunt. of benzene, after which it crystallizes. “9 crvataliins preduct, together 
with that separating from the SGusdus Sslut.on, is wetted and is shaken for hour with 

10 ml of cold 2% alkait. The inscluble residae is coliected on a filter, washed with —. and drisd, 
The yield is 0.71 ¢ ‘59-69% of thecratical) cf 


. 


7 
‘ 
— . 
, 
! 
H 
: 
— 
- 
| 
— «| 
{ 
j 
; 
ad 
° 
| 
| 
; 
ff 
j 
‘ 
i 
j 7 
1 
7 
2 
d 
7 


substance of m,p, 124-126", raised to 127,5-128° by recrystallization from water, 


- 


4-Oxe-6-(6 crystallizes from water as needles, It is very 
soluble in alcohol, chloroform, or hot benzene, and fairly soluble in cold ether or benzene, It is very soluble in . eats 
concenwated, but only sparingly soluble in dilute, hydrochloric acid or in aqueous alkali at room temperature, 9p : 
When recrystallized from water it retains it and. prolonged drying ina before 
‘snalysed, 


Found %: 75.5% 15.40; H 6.08, 6,22; N 11,89; 11,93. 
CyHyONz. Calculated %:. C 15.60; H 5,925 N 11,76. 


The alkaline filtrate obtained during purification of the product was made acid with dilute Tyteochlocte 
acid, when 0,02 g of the initial N-acetyl-B~B out, 


B-Ureido-B {6 naphthyl)-propionic acid, acid, and B= 
(N,-methylureido)-8 (8 -naphthyl)-propionic acid ea been pepared, and have been converted into the core 
responding 2,4-dioxo-hexahydropyrimidine derivatives 6+8 -naphthyl)-dihydrourscil, 
dihydrouracil, and 6-(8 -naphthyl)-1-methy] -dihydrouracil, 


2. Its amide was formed as a by-product of preparation of B-ureido-B-8 sit 

was also synthesized from B-amino-8 <8 -naphthyl)-propionic acid and sodium cyanate, 
3, B-Uteido-B 6 naphthyl)-propionamide undergoes cyclization when heated, 
4, Methyl-8 (w-phenylureido)-B (6 -naphthyl)-propionate has been prepared, 


5, 2-Thio-6B naphthyl)-dihydrouracil, 8 -guanidino-8 (8 “naphthyl)-propionic acid, and 
naphthyl)-2-methyl-3,4,5,6- “tetrahydropyrimidine have been synthesized, = 
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SYNTHESIS OF b-AMINO- -B -CY CLOHEX YLPROPIONIC ACID AND OF SOME OF 1TS_ 


. = 


The method of synthesis of B-amino acids. discovered in our innit in 1926, depending on iit 
sation of aromatic aldehydes with malonic ‘acid in presence, of alcoholic ammonia [1], has recently been ex- _ 
tended to aldehydes of the aliphatic and naphthalene series [2), and preliminary experiments have been made — 
on its application to heterocyclic aldehydes [3], It was for certain reasons of importance to extend the method 
to aldehydes of the cyclane group, The synthesis of B-amino acids with cyclic substituents in the 8 -position 
would be of interest not only for merely preparative reasons, : 


We have, ‘together with Zvorykina [4], shown that 6 -aminopelargonic acid (B saat isa 
biologically active substance, which similarly to B-alanine, although to a much smaller degree, stimulates 
the growth of yeast, A particularly interesting biologically active substance, possessing biotin activity, is 
hexylglyoxalidone (1), which is easily prepared from B-aminopelargonamide by the Hoffman reaction, The 
structure of this substance is very similar we that of desthiobiotin (m, a degradation product of the universal” 


’ The ylyoxalidone ring is seen to be a part of the molecule of these three biologically active substances, 
and it seems that the activity of these compounds depends largely on the presence of this heterocyclic system,. ' soe 
since desthiobiotin¢ IT) differs yery little fiom biotin in its activity, which is alco little affected by methylating” = ane 
the carboxylic group, This activity requires the presence in position 4(5) of the ring of a C; substituent, Howe a 
ever, replacement of hexyl by phenyl leads to total Juss of biotin activity, as was shown bya saree netl 
— of phenylglyoxalidone, prepared in 1932 by Kanevskaya [5} ; 


_ It was of very great interest to find what is the effect of substituting c vides for phenyl in both 8. 4s é i 
aminopropionic acid and in the corresponding glyoxalidone derivative, for the preparation ‘of which. it was Soh al 
to study the Hoffmann reaction with 


We have since 1943 been conducting in our laboratory a systematic study of the reaction between acylated : ce 
amides of B-amino acids and hypobromite, from which it appears that the chief product of the reaction fs a 4(5)> 
substituted glyoxalidone, formed through the intermediate stage of acylglyoxalidone, first isolated by Zvorykina 
[4}: (see top of next page), The study of cyclohexyl-B-aminopropionic acid is thus of interest both for confirma> | 
tion of the mechanism of forrmation of 4(5)-glyoxalidone derivatives, aud for the elucidation of the biological 
activity of the acid itself and of the derived cyclohexyigiyexelidons, y . 
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In order to prepare B-zmino-B-cyclohexylp:cpionic acid by our method it was first necessary to. work.out @ 
convenient method for preparation of hexahydrobenzaldehyde, A number of published methods were tested, and 


At was found that the best results were gtven by that involving es of the ester oeained from mono= 
chloroacetic ester and cyclohexanone [6]. 


Decarboxylation 


Hexahyds ‘obeuzaldehyde was ned by us as 2 alachyde- derivative of 104-105* (see 


experimental past), The same reaction was applied to cyclopeatanone, and eS was obtained 
in somewhat lower yield, 


Condensation with malonic acid was at fizst done in the onfinary way. Alccholic ammonia was added t to 
shexahydrobenzaldeltyde, and the czystalline aldehyde-ammonia separating out was heated with malonic acid, The 
ammonia solution was taken in 10% excess of the theoretical amount of NH, required for the reaction, The yield 
of B-amino acid amounted to 50% of theory, Beiter yields were obtained when the excess of alcoholic ammonia,, 
with absolute alcshol as the solvent, was cided to the crystailine aldchyde-ammonia compound, Very good results 
were obtained taking a 40% excess of ammionia, and heating for 8 hours on the water bath, Under these conditions 


- the — of amiro acid was raised to 86% and the yield of a acid obtained as a distance: was reduced 
to 11% % of theoretical, 


. The reaction of condensation ‘of hexahyd: duneitilidieni with malonic acid differs from that with aromatic 


: aldehydes in that two isomezic unsaturated acids are obtained, one with the double bond in the a-f-position (cyclo- 


hexylacrylic acid, and the second with a double bond acid, 
CHy=CH CH,COOH). The unsaturated acid separdted by us was completely identical - with ren: 
acid, described in 1928 by Sircar (7) and by Venus-Danilova [8) in 1934, 


The N-acetyl-, N-benzoyl-, and N-carbomethoxy-deriva tives of acid, and’ 
thelr Waly were prepared, and the Hoffmann reaction was catried out with all of these acylated amides, The N- 
benzoyl and N-carbomeihoxy amides gave cyclohexyiglyoxalidone, together with its N-benzoyl or N-carbomethoxy 
derivative; this affords further confiemation of the mechanism proposed by us for the Hoffmann reaction with B- . 
amino acids [4] B-Acetamido-£-cyclohexylpzopicnamide under the same conditions gives only cyclohexylgly- 


oxalidone, however. aci¢. was also synthesized, and appropricte 
dthydcouracil was pzepared from it, 


Preparation of cyclohexylglycidic ester, “Into a three-necked flask fired with a stirrer, a reflux 


condenser, and a thermometer are placed 49 g of cyciohexanone re] mole’), 61 g of ethyl aa gc 
and 100 ml vad dry i benzene; Ge mixture is cooled and sodium gthoxide powder is added ins all>” 
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portions*, ftom a scaled extension connected with the flask by rubber tubing; tie tate of addition of sodium 
ethoxide is regulated by the temperature of the reaction mixture, which should not exceed 15°, After the 

whole of the sodium ethoxide. has been added, the contents of the flask are stitred for 4 hrs,, and are allowed 

to stand for 48 hrs. at room temperature, when the flask is placed on a boiJing water bath, and the mixture is- 
diluted with water. A benzene solution of the glycidic ester separates. The lower, aqueous layer fs twice ex- 
tracted with benzene, and the combined benzene extracts are washed succ@ssively with water, with 3% acetic 
acid, and again with water, and are then dried with anhyd:ous sodium sulfate, After distilling off the benzene, — 
the residual glycidic ester is fractionally vacuum distilled, collecting the fraction boiling at 115-116°/10 mm; = 
yield 67 g, i.e., 73 %of theoretical, The reaction proceeded much faster when sodamide was = ae for 
sodium ethoxide, but the yield fell to 50% . ; 


Hydrolysis of the ester, 67g of ester are added gradually to a solution ob- 
tained by adding 9,2 g of sodium to 220 ml of absolute alcohol, The slightly turbid solution is cooled to. "15°, 


and 8 ml of water is added, causing considerable heating, and being followed by precipitation of sodium salt of 
glycidic acid, The precipitate is collected on the next day, and washed with 30 ml of absolute alcohol presueass 
by 30 ml of ether, and dried at 120°; yield 57.6 g, i.e., about 90% of theoretical, 


Rreparation of hexahydrobenzaldehyde, and its conversion into 
compound, This stage of the synthesis, viz., re of —, obtained by decomposition of aaa salt 


COONa 1804 , CHyCHO + CO, 
is the most difficult, since the free aldehyde readily polymerizes on standing, and is very quickly converted in 
the presence of mineral acids into crystalline metahex2h. obenzaldehyde [9}. The following procedure was 
designed to prevent this undesirable reactions sulfuiic acic was taken instead of the usual hydrochloric acid, and 
was added gradually to the sodium salt of the glycidic acid, in a current of steam, The hexahydrobenzaldehyde ‘ 
was thus removed from the acid medium as soon as it was formed, so greatly reducing polymerization, 


A solution of 250 g of sodium salt of the glycidic acid in 150 ml of water is placed ina eoenniglied flask, 
and 150 ml of 1:1 sulfuric acid is added gradually through a dropping-funnel, steam being passed through the solu- - 
tion at the same time, The hexahydrobenzaldehyde distilling over is collected in ice-water, the upper layer is * 
collected, dissolved in 50 ml of alcohol, and the solution is saturated with ammonia, with violent shaking and good 

cooling. The crystalline aldehyde-ammonia compound separating is left with the ammoniacal solution for 10-12 hrs, 
- after which it is collected, washed with small portions of alcohol, and dried on a porous tile, and then in a vacuum 
desiccator; yield of aldehyde-ammonia compound, m,p, 104-105*, 47.7 g, a further “ g of which was obtained by . 
evaporating the alcoholic mother liquor under reduced pressure, The 2queous condensate (800 ml) is redistilled 
giving 300 m! of distillate containing aldehyde, from which a further 13.5 g of aldehyde-ammonia, m.p, aeere 
is obtained, The total yield is 65,2 g, or about 42% of theoretical, - 


. ° 


The compound so obtained does not contain oxygen, and its analysis gives the formula (CjH;3N)x, LCoy 
it isan aldimine, It crystailizes ia bundles of thin needles, melting at 104-105°, with decomposition, It is. 
readily s soluble in benzene (1:6) sparingly soluble in ether, and practically insoluble in water, At room temperature 
0.1 g of the aldimine does not discolve in 10 ml of alcohol, but it passes into solution at 60°, not crystallizing out 
again, however, when the solution is cooled; the aldimine evidently decomposes when heated, to yield free alde- Ea 
hyde, This view is confirmed by the observation that when the cooled alcoholic solution is again saturated with ~ 
ammonia it gives a precipitate of the same aldimine crystals, mp. 104-105° (after drying), This behavior of the 
aldimine was used for its purification by 


Found %; 75,31; 75.21; H 11.85; 11, 88; N'12.71; 12.95. 
CyHyyN. Calculated % 75.67; H 11.71; N 12,61. 


* In ovr first experiments we prepared the sodium ethoxide in the usual way, fiom absolute alcohol and sodium in an 
atmosphere of nitrogen, but in the later experiments we uted sodium ethoxide made by the Scientific Research 
Institute for Synthetic Perfumes from alcohol and sodium hydroxide, which was not less active than our preparation, 
We are to the Deputy Dizector of ~ Prof, » Ve N, Belov, for supplying us reagent, 
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Preparation of cyclopentylformaldchyde, Cyclopcntanone was prepared by the racthod of Thorpe 


» and KUH [1¢ } ead was coriverted into the cyclopenty!glycidic ester. For this purpose, 42 ¢ of cyclopentanone, 


61 g of ethyl monochloroacetate, and 100 ml of benzene were placed in a three-necked flask fitted with a reflux - 
condenser, a stirrer, and a thermometer, end sodamide was added gradually, with constant stirring, in a freezing 
mixture at-2*, The temperature gradually rises, but should not exceed 15°, Stirring is continued for 2 hrs., 

after which the yellowish-browa reaction mixture is poured on ice, The benzene layer is separated from the 
aqueous layer, which is twice extracted with 100 ml portions of benzene, The combined benzene extracts are 
washed twice with water, once with 3% acetic acid, again with water, and dried over anhydrous sodium sulfate,. 
The benzene is distilled off, and the residue is fractionally distilled at 20 mm pressure, collecting the fraction : 
‘distilling over at 119-122°; the yield is 29.1 g’of practically pure glycidic ester, i,e,, about 33.7% of theoretical, 


The ester is very readily hydrolyzed by warming its alcotiolic solution with sodium ethoxide, The sodium 
salt so obtained is converted into cyclopentylformaldehyde by the same method as for hexahydrobenzaldehyde, by 
heating with sulfuric acid in a steam Of steam, collecting the aldehyde distilling off in ice-water, The distillate 
is extracted with ether, the ethereal: extract is dried with anhydrous sodium sulfate, and the ether is distilled off, 
The residue is fractionally distilled under reduced pressure, collecting the fraction boiling at 40-43°/17 mm, which 


’ Was fairly’ pure aldehyde; yield 40% of theore tical for the amount of sodium’ salt taken, 


Preparation of B-amino- acid. of 34.9 g of crystalline aldimine, 


28.3 g of malonic acid, 28 ml of 7% ammonia, and 140 ml of alcohol was heated for 8 hrs on a water bath, in a 
flask connected with a condenser, until evolution of carbon dioxide ceased, Complete dissolution of the substrates 
docs not take place; the white mass gradually shrinks, and turns yellow at the edges, as the alcohol distills off. 
After completion of the reaction the pioduct is extracted a few times with hot water, when most of it goes into 
solution, leaving a viscous yellow oil at the bottom of the flask, The aqueous extract is separated, made acid 
with acetic acid, and extracted with ether, end the ethereal extracts are added to the oil. The solution, thus 
separated from umeacted aldehyde and fiom unsaturated acid, is evaporated down until a crystalline crust appears 


- onthe surface, The crystalline deposit forming after long standing at low ternperature is collected, washed with 
_ cold water, in which jt is very sparingly soluble, ard dried, to give 25,4 ¢ of cyystalline product, m,p, 215-216°, 


Evaporation of the mother. liquor gives a further 10,25 g., Melting at 211-212° 


The tctal yield is 35.65 ¢., or 6&2 of theoretical calculated on aldimine ia B-Amino-8 celeaeih: 
propionic acid is rezdily sclubie in alkalis, alcohol, or hot water, difficultly soluble in cold water, and insoluble 


inether. After recrystallization from alcohol it melts at 217-218", 


Found C 62.93; 62.74; H 9.83; 9,83; N 8.40; 8.37. 
CyHyz0,N. Calculated %: C 63. 15; H 9,93; N 8,18, 


Isolation of cyclohexylac rylic acid. The ethereal extract obtained in the pining experiment is 
washed with aqueous bisulfate, to remove traces of aldehyde, and then with eater, and is dried over anhydrous 
sodium sulfate, The ether is distilled off, leaving a yellow, viscous oil with a pungent odor like that of the lower 
fatty acids, The oil is readily soluble in light petroleum, alcohol, ether and alkalis, but only sparingly soluble 

in hot water; it may be purified: by steam distillation, It crystallizes after long standing in a desiccator containing 
calcium chloride, The crystals, m.p, 51-53°, are vacuum distilled, to give a colorless, rapidly crystallizing oil, 


b.p. 153-155°/10 mm., m.p, 56-57°, not changed by eae from alcohol; yield 4,7 g; ane about hone: 
of theoretical, calculated on aldimine taken, 


Found C 69,69; 69,70; H 9,15; 9,20. 
CyH yO. Calculated C 10,10; - H 9.10. 


Preparation of -benzamido-B-cyclohexylpropionic A solution of 10 g of 
cyclohexylpropionic acid in 92 ml of 16% sodium hydroxide is treated with constant stirring with 8.2 g of benzoyl 
chloride added gradually from e dropping funnel. Stirring is continued for another 3 hours, after which the solution 
is made strongly acid to Congo red with tydrochlori¢ acid, The oil which separates very quickly crystallizes, | 
giving a product which is practically insoluble in cold water, and sparingly soluble in hot water, alcohol, or ether, 
It is freed of benzoic acid by extracting twice with boiling water, and filtering the hot suspension, The filtrate - 
deposits a small amount of a mixture of benzoic “acid and N- benzoyl derivative, m.p, 130-131°, The residue after 
removal of benzoic acid was dried at 120°, when it melted sharply at 193, 5-194"; yield 13.5 g, or 84.5% of theory, 
The melding point rises to a maximum value of 197-198" after two recrystallizations from alcohol, 
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Found N 5,24; 5.10 


Preparation of -benzamido- “8 3 -cyclohexylpiopionamide, A of 11.8 g of B-benzamnide- 
B-cyclohexylp: oploce acid in 16,9 g -9 g of thionyl chloride in a flask _ with a reflux condenser is heated at 40°- 
fi until evolution of ga ceascs; the reaction is usually completed within 1} to 2 hours. The excess of thionyl chlor- 
7: ide (three times the theoretical emouint) is distilled off under reduced pressure (about 12 mm). The acid chloride . 
crystallizing out is dissolved in 600 ml of ether, to give a bright yellow solution, which is saturated fortwo .. = 5. 
i hours with dry ammmenia, with cooling, The precipitate ferming is collected, washed with 5p sodiura hydroxide - . 
- solution and then with water, ‘trip then receystallized from alcokol, the yield of a amide, m,p. 252-253°, was 


The ethereal mother hquor is decolerized by wwith active charcoal, the solution ds filtered, 

the ether is distilled off, leaving 0.17 g of substance of m.p. 160,5-162°, rising to 165-165,5° after recrystalliza-" "eRe 

' tion from alcohol, The substance crystallizes in long, thin needles, which are readily soluble in other or hot ne 
alcohol, but not in weter, dilute acids, or alkalis, 


The resctioas ar.d propeities of the substance are identical with those of ni tetrahyopyrimidine derivative 
4-0x0-2 ; 


Zvorykina [5], working in our leboratory on the syechesis of compounds of this sort, usually prepared them by heating, - 
Ss the benzoyl derivatives with thionyl chloride at 70-80°, whereas in our case the reaction was conducted at 4045%, =... ae 
The fact that it proceeds under such mild conditions is evidence of the strong tendency of cyclohexyl-amino acid A: . 
derivatives towaids ring-closuze, The elementaty analysis of the corpound obtained also confirms, . 
correctness of our supposition, bes 
Found 14.64; 14, 83; H 7.93; 8.0; N 10,66; 
CiglgON,. Calculated C 15,00; H7.81;  N10,98 
&# chloroformate is added gradually, during an hour, to a cooled solution (0-2°) of 20 g of amino acid in 190 ml : es 


of 10% sodium hydroxide, with constant stirring, which is continued for a further 3 hours, after which hydrochlorig 
acid is added te a distinctly ecid reaction to Congo red, An oily deposit ferms, which soon crystallizes, and which : 
is collected after 10-12 hours, washed with water, and dried at 90°, The carbomethoxy derivative so obtained is & 
fairly pure, m.p, 143-145*, seiced to 128,5-116,5° by from alcohol; yield 22 g, or 82H of . 


Preparation of the amide. A mixtwre of of acid 
and11,8 g of thicnyl chloride is heeted et 40° for 3 hrs,, until evolution of gas practically ceases, when excess aoe 
of thionyl chloride is distilled off uiider reduced pressure, The residual crystalline substance is suspended in” —_ 
ether, in which it is practically insoluble, end the suspension is satuzated with ammonia, giving a voluminous . . Z te 
precipitate of amide, which is collected efter 10-12 hours, washed with 5% sodium hydroxide solution and with — = 
water, and dried at 100°, The product melts a1 170-175°, and after técrystallization it has m.p. 192-199", 
yield 6,5 g, or 82.3% of theoretical, It is sparingly in cold, and readily soluble in hot 
Preparation of iain acid. Tengofaceticanhydrideis)  .---- 
added gradually, with constant stiziing, to 10 g of amino acid in $3 g of 12% aqueous potassium hydroxide ee a 
at 2-3°, stirring is continued for a fuitker 2 hrs, and hydrochloric acid 1s added until the solution is distinctly ~ PY Pm: 
zcid to Congo red. It is then evaporated down, and placed in a cool room, The crystalline product which ~ ae ; oy 
i separates long standing is collected, washed with cold water, and dried; yleld 6.5 g, m.p, 159-160°, 
! 
5 


Recrystallization from water gives long flat prisins, m.p, 164,5-165,5°, The mother liquor is evaporated to dryness, 
the residue is extracted with a small amount of dilute alkali, the extract is filtered, and the filtrate is made acid 
with hydrochloric acid, giving a further 1,1 acetyl 160,5-161, 5°, The total yield is 7,6 g, 


B-Acetamido-8-cyclohexylpropionamid e, 5.9 g of acetyl derivative and 11.5 g of thionyl chloride 
are heated at 40° in‘a flask fitted with 2 reflux condenser, After 2 hrs, during which the substance partly dis- 
solves, and gas is evolved, the excess of thionyl chloride is distilled off, and the crystalline residue of acid 
chloride is suspended in ether, in which it is practically insoluble, The suspension is saturated with dry amphonia, 
with vigorous shaking and thorough cooling, and the resulting amide is collected, washed with 3% aqueous sodium 
hydroxide and then with water, and recrystallized Som alcohol; bundles of small needles, m,p, 228-229, yield - 
1.9 g, or 32% of theoretical, 


Found %:; N 13,0; 12,95. 
Calculated N 13, 2. 


bromite prepared from .9.4 g of bromine and 10 g of 15% aqueous potassium hydroxide is cooled to 10°, 7g 
of B-benzamido-8-cyclchexylpropionamide is added, and the mixture is stirred at-2 to 0° for 3 hrs, Complete 

. dissolution of the amide does not take place, and the solution still remains turbid after gentle heating on the 
water bath to 45°, at which tempeiature the suspended matter coagulates, The flask is then removed from the 
water bath, but its temp2rature rises without further heating from 48° to 65°, It is then quickly cooled, when a % 
precipitate separates, which is collected, washed with water, and dried, giving 4.57 g of product melting inde- . .. 
finjtely at 196-204", Two recrystallizations from alcohol give four substances: 


1) 254 c of substance of m.p, 216,5-217.5°; thin needles insoluble in water, ether, benzene, dilute 
alkalis and minetal acids, soluble in alcohol and acetic acid, The properties of this substance, and its 
analytical data, show that it is 1-benzoyl-5-cyclohexylglyoxalidone; 


foo 
- CHp-NH 
The substance was obtained in 36% yicld. (2.54 g). 


44 


Found 10,77; 70,59; H 7.44; 7.29; N 10.24; 10,30. 
Calculated %: C 10,58; H 1.39; N10.29. 


2) 0,17 g of substance of m,p, 205-206°, after recrystallization from alcohol ‘mp, 215-215, 5°, platelets, 
soluble in dilute hydrochloric acid (1:1) and in alcohol, insoluble in ether and in alkalis, Analysis of this 
substance showed that it is Sag yield -about 4% of theoretical,(0.17 8). 


Found %: C 64,14; 64,21; H 10.18; 10,10; N 16,65; 16,68. 


Calculated C 64,28; H 9.52; ° 
3) 0,22 g of a substance of m.p, 242-243°, identical with the initial amide, the wane m.p, with which 
gives no ‘depression. Yield 3%. 


0.63 g of a dark-colored, uncrystallizable oil, which was not: further studied, to the small 


- 


The alkaline mother nee was treated with bisulfite, and was made ‘acid with hydrochloric acid, The 
precipitate forming was collected, washed with water, and recrystallized; it melted at 119-120°, and was 
identical with benzoic acid (yield 0.36 g), Part of the N-benzoyl-cyclohexylglyoxalidone separating in the 
reaction (0,74 g) was hydrolyzed by heating on a boiling water bath with 20% aqueous sodium hydroxide, — : 


N-Benzoyl-cyclohexylglyoxalidone is insoluble in alkalis, and is only difficultly wetted by water; at 
the beginning of the reaction it floats on the surface, and only towards the conipletion of heating does it sink 
to the bottom of the flask, as a finely crystalline deposit, which is hates washed with apis and drleds 
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‘yield 0.46 g of of m.p. "175-183", raised to 215-215,5° by one recrystallization {rom alcohol, It. does. 
not depress the m.P. of cyclohexylglyoxalidone, 


‘Under the above only about 10-80% of the is part of recovered 
mm 6. «=—s unchanged, Ether extraction of the acidified solution gives 0.26 g of benzoic acid (78-1% of theoretical), __ 


The Hoffmann reaction was conducted similarly with acetamidocyclohexylpropionamide, which readily -*' T3,° 
dissolves in alkaline hypobromite, The spontaneous rise in temperature is not so great in this case, not ex- = eae 
ceeding The oily product soon crystallizes, giving a substance melting indefinitely at 174-178, Recry- 
stallization from alcohol gives pure cyclohexylglyoxalidone, m.p, 215-215,5°. No intermediate product of 

. the reaction could be isolated, suggesting. that jt must.be very unstable in alkaline solution, 


’ The yield of cyclohexylglyoxalidone from 1 g of ‘amide was 0, 35 g, OF 44% of theoretical, " saidlilieiatan,. 
_ of the alkaline solution, followed i by ether extraction, gave 0, 1 g of brown oil, which was not further investigated, 


Hoffmann re B- 2, 16 g of 
amide is added, with stitring, to a hypobromite, solution prepared by adding 5.2 g of bromine t 5g of potassium 
hydroxide in 33 g of water, Stirring is continued for 1! to 2 hrs at—2® to 0°, to complete dissolution of the amide, ~ 
‘when the flask is transferred to a water bath at 80°. A sudden rise in temperature is observed at 48° to 60° and a. 
voluminous crystalline precipitate forms; at the same time the yellow color of the solution disappears, ‘The — 
suspension is cooled quickly, filtered, and the precipitate is washed with water, and ueated with ether, which . 

dissolves only the oily pait of the piecipitate leaving the crystalline part, which is washed with water and dried; 
yield of product melting at 153-155° 0.31 g. After washing with hydrochloric acid and recrystallizing from . 


alcohol the m.p, rises to 159,5-160,5°, Analysis of this product shows that it is Pennant wet 
oxalidone, 


Found % :.C 58,94; 59,01; HH 7.53; "1.69; 12:57) 12:63. 


The ethereal solution is washed with 1:1 hydrochloric acid, and the ether is then ‘distilled off, to give: 
0.45 g of an oily residue, which crystallizes on standing in a desiccator. The crystalline product is dissolved - 
in ether, the solution is wasked with aqueous alkali, and the ether is distilled off, leaving 0.38 g of ac stal-. 
line residue of m,p. 158-166°, nct depressing the.m.p. of pure carbomethoxycyclohexylglyoxalidone, th the total 


yicld of which was thus 0,69 g, or 28% of theoretical... 


The dilute hydrochloric acid used for washing the ctherezl solution is wile alkaline with sa 
potash, when 0,13 g of cyclohexylglyoxalidone (6.5% of thcorctical) is obtained, Increasing the eeenees 
» of alkali leads to reduction in the yield of acylated glyoxalidone, Thus with double the amount of por-ssium® « 
hydroxide the yield of carboxymethyl derivative falls to 4%, and of cyclohexylglyoxalidone rises to 53%, ~ 


Preparation of B-ureido- B - cyclohexylpropionic acid. A mixture of 2-g of amino acid and ; 
1.5 g of potassium cyanate in 40 ml of water is heated for 4 hrs.on a briskly boiling water bath, After completion. - + 
of the reaction the solution is‘cooled, and hydrochloric acid is added to a distinctly acid reaction to Congo red, a 3 
The gelatinous precipitate is collected and recrystallized from aqueous alcohol; yield 0.75 g on of rosettes: ° aE 
of ureidocyclohexylpropionic acid, m.p. 165-166° (with 


Preparation of 0.3 g of is boiled for 30 min with. 100 
hydrochioric acid (d 1,12), and the clear solution is evaporated down to small volume, The crystalJine precipitate. i 
forming from the cooled solution is collected, washed with a small amount of water, and recrystallized. ome 

alcohol, to give 0.1 g of cyclohexyldihydrouracil, m.p, 225-226° 3 yield 36.5%. 


SUMM'ARY 


‘ 


1,. Rodionov'’s methed for yeoman of B-amino acids has been extended to aldehydes of the alicyclte ow 
series, . 


2. A siinple method of preparationof hexahydrobenzaldehyde or from cyclohexyl- 
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3. Condensation of services acid leads to formation of B-amino-s 
hexylpropionic acid, in 50% yield, 


4. The yield of B-amino acid is raised, to oo when the aldimine is taken eed the condensation innead 
of the free aldehyde, 


5. The N-bexzoyl-, N-acetyl-, and decivatives of B-amino-B acid. 
and its amide are described, as well as B-ureodi-8-cyc!ohexylpropionic acid and cyclohexyldihydrovracil, : - 


6. The is carried out with the acylated derivatives of the aminopropionamides, it” 


is shown that the N-berzoyi- and N-carbomethoxy- give and its 
or t N-catbomethoxy- derivatives, 


de gives when. treated with bypobromite, 
The formation of acylated cyclohexylglyoxalidones confirms the correctness of the mechanism pro~ 
mee by Rodionov and Zvozykina [4) for the Hof fmaan reaction of B-amino acids, : 
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SYNTHESIS OF POLYCYCLIC COMPOUNDS RELATED TO THE STEROIDS. XI... °:: 
RESEARCHES ON THE STEREOCHEMISTRY OF CYCLIC COMPOUNDS; L CONDENSATION OF DIVINYL WITH = -- 
CITRACONIC AND MESACONIC ACID AND THEIRESTERS. CIS-TRANS-ISOMERISM OF 1-METHYLCYCLO- . 


. 


HEXANE+L,2-DICARBOXYLIC ACIDS AND THEIR ESTERS 


. 
‘ 
‘ 


One of the possible ways of building up polycyclic systems related to the steroids may be through the: * 
synthesis of cyclic-trans-dicarboxylic acids (I), with subsequent building up of a side-chain to give the com | P 


cyclic derivative of propionic acid (1), which then undergoes ring closure, as follows: 
(CH;),COOH 
This was applied by. Bachmann for the simplest case of cutest of cis- and 
methylhydrindan-l-one, 


However, the methods given in literature for even the cis- and d 
cyclohexane-1,2-dicarboxylic acids do not give adequate yields of pure product (2), Even more difficult to. . vs 
prepare are cis- and trans-l-methylcyclohexane-1-carboxy-2-acetic acid (3) or -2-propionic acid [4], It was for 

this reason necessary first of all to work out new, more convenient methods of synthesis of compounds of this sort, 


It appeared to us that the problem might be solved by the application of methods of diene synthesis, ahs 
starting with the appropriate tansdienophils such as mesaconic acid and its esters, In spite of the great number _ : 
of papers published on the diene synthesis, we know of only a few ae use in 
reactions of diene condensation, . ; 


The condensation of furnaric and with anthracene [5], 1-vinylnaphthalene and 6~ 
methoxy- vinylna phthalene [6], of fumary] chloride with divinyl [7] and of fumaric acid with piperylene ta . 
and certain other cases have been described in the literature, - , i 


We began this work on the systematic study of diene with trans-dienophils with 
simplest cases, taking diviayl as the diene component, and studying its condensation with citraconic anhydride - 
and citraconic or mesaconic acids and their esters, 


One mol of citraconie “anhydride (IIL) is heated for 4 hrs at 130° with 3 of divinyl, to give the" 
anhydride (V) of cis-1-methyl-cyclohex~t-ene-1,2-dicarboxylic acid, in 85% yield, calculated on actually reacted. : 
citraconic anhydride; this substance has already been described [9, 10}, It is hydrolyzed by boiling water, a. 
giving cis-1-methylcyclohex~t-ere-1,2-dicarboxylic acid (VI), m.p. 168° (also previously described), which _ rm, 
when hydrogenated with Pd catalyst affor’s cis-1-methylcycl ohexane-1,2-dicarboxylic acid (VO), which 
also been described before, and which when cautiously heated with acetyl chloride yields the corresponding 


anhydride (VII), m.p, 72°, also by of the unsaturated (Vv) Pd 


é 


‘The same anhydride (V) is obtained in 10% yield by heating citraconic acid (Iv) with 3 mol of divinyl 
at 110° for 4 hrs, Mesaconic acid (IX) condenses with divinyl with much more difficulty than does citraconi¢ 
acid and its anhydride, Thus when 1 mol of mesaconic acid is condensed with 8 mol of divinyl in dioxan (3 hes was 
at 170°) the yield of trans-1-methyleyclohex~t-ene-1,2-dicaiboxylic acid (X), m.p. 180°, amounts to 40%; 40% °- 
of the mesaconic acid taken remains unchanged in the reaction mixnue, and product (X) has to be sopaeetet from . . 
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‘tition 


Hydrogenation cf the trans-acid (X) in methanol solution with Pd catalyst gives sap niailatigitiioesinr 
1,2-dicarboxylic acid (XI), m.p, 213-214°, which has been described in the literature [1,2,11} trans-1-niethylcyclo- 
hex-~4-ene-1,2-dicarboxylic acid (X) and acetyl chloride give the corresponding unsaturated trans-anhydride (XII), 

m.p, 79, hydrogenation of which (Pd catalyst) affords the anhydride of trans-1-methylcyclohexane-1,2-dicarboxylic 

acid (XIII), m.p, 87°, also obtained from the trans-acid (X]) by the action of acetyl chloride, The anhydrides (XI) a: 
and (XIII) are readily hydrolyzed hy boiling water, giving the pure trans-acids (X) and (XI), respectively, and are penne 

converted into the corresponding cis-acids (VI) and (VII) when heated with dioxan at 200-220°, followed by hydrol- ee 


"2. Condensation of mesaconic acid with diviny! did not take place under milder conditions (3 hr, at 110°), The 

chief product under more drastic conditions (4 hr, at 220-240°) is the anhydride of cis-1-methylcyclohex-4-ene-1,2- 

' dicarboxylic acid (V), obtained in up to 50% yield, This thermal isomerization of trans- to cis-isomer estabiished 
for the cases of the trans-anhydrides (XI) and (Xill) was also found for pure trans-1-methylcyclohex-4-ene-1,2- 
dicarboxylic acid {X), which is largely converted into the cis-isomer (VI) by heating for 3 hr, in dioxan at 200°, 


“These findings confirm earlier observations of the greater stability of the of 1-methylcyclo- 

: hexane-1,2-dicarboxylic acid, as coripared with the corresponding non-methylated dicarboxylic acid, As has been 
noted by Linstead [2), cis-1-methylcyclohexane-1,2-dicarboxylic acid when treated with concentrated hydrochloric | 
acid at 180° gives a mixture containing only about 15% of the trans-isomer, whereas cis-hexahydrophthalic acid is 
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Hy dicarboxylic acid (XI) give the same equil- 
48 “om. Pp. 72° ibrium mixture, containing about 80% of cis- 
and 20% of trans-isomer, when heated with 
‘CH, concentrated hydrochloric acid at 180°, sug> 
~\ 477 CO0CH Methanol COOH 
CH, (VI) 80% : 20% 
: + Dimethyl mesaconate (XIV) condenses 
Ch 72> (Chee fairly readily with divinyl, When 1 raol. of the 
ii ester (XIV) is heated for 3 hours at 210° with 5. 
; 5 oD - is (XD. mol. of divinyl in benzene a yield of up to 90% | 
m.p, 87 of the reacted esier is obtained as dimethyl 
CHy (XV), b.p. 97° /2 mm,, 1.4740, When hydrol- 
ee : : yzed with 20% aqueous potassium hydroxide it 
acid (X), and when hydrogenated (Pd catalyst in 
(4) 180° XD, 213° methanol) it affords dimethy)] wans-1-methyle - 


pure si acoecie lcyclohexane-1,2-dicarboxylic acid (XI), The structure of the dimethyl esters (XV) and (XVD was 
established by synthesizing them from the corresponding trans-acids (X) and as which were ape wim dias 


Diozan 


zomethane in ethercal solution, 


Dimethyl citraconate Goes not react readily with divinyl, The reaction iiaibe proceeds at all at 170°, vale 
under similar corditions as for dimethyl mesaconate (4 hr, at 210°) the product contains only 12% of condensate, the 
Hydrolysis of the condensate with 207) caustic potash gives cis-1-methylcyclohex-t-ene= 
1,2-dicarboxylic acid (VI) (overall yield not more than 10%), These observations are in line with the earlier.one : 
that divinyl reacts with cis-cinnamic acid much less readily than with trans-cinnamic acid [12}. - “a he eA 


rest being unchanged ester, 


Pure (XVID, b.p. 98°/2mm., n p 4145, was oleate’ 


from the cis-acid (VI) by methylation with diazomethane, and was hydrogenated (Pd catalyst), to afford dimethyl 


cis-l-methylcyclohexane-1,2-diearboxylate (XVID, also prepared by — of the cis-acid wm with diazo- 


methane, (See top of next page for diagram), 


Trans-1-methyle yclohex-4-ene-1, 2-dicarboxylic acid is obtained in 46% yield by prolonged boiling of 
methyl cis-1-methylcyclohex~t-ene-1,2-dic arboxylate (XVID with 15% sodium methoxide in methanol, followed by | 
hydrolysis of the product. Under the same conditions dimethyl cis-1-methylcyclohexane-1,2-dicarboxylate (XVID) 


qi antitatively converted into the trans-isomer 
under these conditions, We have shown that 
cis- (VII) and trans-1-methylcyclohexane-1,2- 


cyclohexane-1,2-dicarboxylate (XVD, which 
when hydrolyzed with 20% caustic potash gives - 


gives up to 65% yields of ee ee ee acid (XD. The degree of isomerization is much - 

" Citraconic acid was sian in the usual way by the pyrolysis of citric acid [13}, Mesaconic acid was obtained 
by isomerization of citraccnic anhydride with dilute nitric acid [14], Dimethyl citraconate and mesaconate were 
picpared by esterification of the appropriate ecids in the presence of sulfuric acid 08). 


I. Condensation of divinyl with citraconte anhydride, 
A solution of 17 ¢ of citsacenic anhydride (b.p. 103-106°/20 mm, 1 4720) and 25 g a divinyl 1150 ml of 
dry benzene. is heated a steel for 4 hours at 136-135°, The benzene salution is separated from solid’ . | 
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.  polyiner oi divinyl which forms, the benzene is distilled 


. off, and the residue is vacuum-distilled, collecting the 
H,(Pd) _ fraction boiling at 111-115°/4 mm., which is redistilled, 
3 to give 18.5 g of + 2-di- 

carboxylic acid (Vv), b.p. 113-115°/4 mm., ny 1.4890, 
Hydrolysis of the anhydride (VY). 3.5 g of. anhys 
3 . 3 dride is boiled with 5 ml of water for about 20 min., 

CHs CH, ; until it dissolves, The crystalline product separating 
4 is a’ | from the solution is collected, A yield of 3.8 g of 
H,(Pd) acid of m.p, 165-166°, is thus obtained, giving pure cis- 
(X) “ "= m.p. 168°, when recrystallized from water; the m.p, - 
coincides with that cited in the literature [10], 
: Hydrogenation of the acid (VD. 1.7 of acid 
_, CHyg CH (VI) is hydrogenated in methanol solution in presence 
' of Pd catalyst, 1 mol, of hydrogen being absorbed (210 
| H,(Pd) _ ml at 0* and 760 mm). The solvent is distilled off, 
H leaving 1.65 g of cis-1-methylcyclohexane-1,2-dicar- 
(XVI) (XVI) - boxylic acid (VII), which melts at 158° after recrystal- 
a lization from water. 0.4 g of this acid (VII) is heated 
iy in a sealed glass tube with 3 ml of concentrated hydro- 
5 CH ’ u CH . _ Chloric acid for 7 hours at 180°; the product crystal- 
lizing out from the cooled solution melts indefinitely 
OOH OOH at 145-190°, Fractional crystallization from water and 
aqueous acetone gives 0.95 g of trans-1-methylcyclo- 
H (vp - H (vi) hexane-1,2-dicarboxylic acid (XI, m.p. 210-212°, 


anhy- 
dride (VII. 3) 3 g of the anhydride (V) in 15 ml of absolute dioxan is hydrogenated, over Pd catalyst, 1 mol, of 


hydrogen being absorbed (420 ml at 17°/750 mm), The solvent is distilled off in vacuum, leaving a liquid product, 
which, afier repeated treatment with light petroleum, distilling off the solvent in vacuum,,and cooling the residue, 


finally crystallizes, siving 2,9 g of a product of m.p. 69-71", raised to 71-72° by recrystallization from light petro- 
. 


Founid © 64,48; 64.63; H 1.45; 7.43. Calculated C 64.30; H 20, - -. 


Hydrolysis of this anhydride by boiling with water gives a quantitative of 
dicarboxylic acid (vin, m.p. 157-158°, ; 


b) 0.7 g of cis-1-methylcyclohexane-1, 2-dicarboxylic acid (VID is boiled with 3 ol of acetyl chloride on a 
water bath, for about 20 min,, until it dissolves, The acetyl chloride is distilled off in vacuum, and the residue, 
which crystallizes after treatment with light —, is recrystallized from light petroleum, giving 0.5 g of cis- 
anhydride (VII) of m.p, 72-72.5°. 


II, Condensation of Divinyl with Acid 


A solution of 6,5 g of citraconic acid (m.p. 91-90°) and 8 g of divinyl in 50 ml of anhydrous benzene, with a 
small amount of phenyl-2-naphthylamine, is heated for 4 hours at 110-115° in a sealed tube, The benzene solution 
is separated from the water formed in the reaction, and-the benzene is distilled off in vacuum, The residue is a 
viscous oil, not crystallizing after treatment with various solvents, and after long standing. ° Veoum distillation 
gives 5.5 g of cis-l-methylcyclohex~4-ene-1,2-dicarboxylic anhydride (V), b.p. 105-107°/2. 5 mm, ni B 1.4885, 


‘Ill. Condensation of Divinyl with Mesaconic Acid (IX) , 


a) A solution of 6.5 g of mesaconic acid (m,p. 203-205*) and 25 g of divinyl in 150 ml of dioxan {s heated 
for 3 hours at 170-175° in a steel cylinder, The solvent is theri distilled off in vacuum, the residue Is treated with 
dry ponneme, and the crystalline product is collected by filtration, giying 7.25 g of substance of m,p, 135-160°,which 
when © «: recrystallized from acetone affords 4.9 g of product of m.p, 155-170, from which a second recrystalliza= 
tion from acetore with a little light petroleum gives a pure product (2.1 g), of m.p, 180-182*, The residual solutes 
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in the mother ate peice recrystallized from wetei, giving 1,7 g substance of m.p, 160-2°5°*, which is re= 

crystallized from 10;1 acetone-penolenm ether mixtuie, giving a further 0.85 g of product of m.p. 179-181", The 

_ total yield of condensation is 2.95 g of ecid (X), 

m,p, 180-181°, 


Found %; C 59,04; 58, 91; H 6,89; 7.15. CgHi:O, Calculated %: C 58, 10; H 6 80, 


The crystalline substance (3,8 g) remaining after separation of the acid (X) is chiefly pore mesaconic 
acid with a small admixture of the acid (X); it may be used for further condensations, 


b) A mixture of 1.3 g of inesaconic acid, 5.5 g of divinyl, 25 ml of dloxan, and a small amount of phenyl- 
2-naphthylamine is heated for 4 hours at 240-245° in a sealed tube, The solvent is distilled off, leaving a dark- 
colored, viscous oil, which is soluble in benzenc but does not crystallize from it or from othes solvents. Vacuum dis¢ 
tillation gives 0,7 g of cis-1-methylcyclohex~4-ene-1,2-dicarboxylic anhydride (V), b.p, 108-110°/3 mm.,, np 1,4895, 
which is hydrolyzed, and the product is recrystallized oom water, —_ 0.5 g of ee ee - 
dicarboxylic acid (VI), m.p. 166-168", 


Isomerization of the trans-acid (X), 9, 25 g of trans-acid (X) is heated with 3 ml of dioxan for 3 hours at 200- 
210°, in a sealed tube, The solvent is distilled off, and the oily residue is hydrolyzed, giving 0,2 g of crystalline 
product, m,p, 135-150°, recrystallization of which from a.53 1 acetone-benzene mixture gives 0,1 g of cis-l1-methyl- 
cyclohex 4-ene~1,2-dicarboxylic acid (VI), m.p, 168-169, not ~—- the melting point of a sample of pure cis- 
acid (VD... 


Hydrogenation of trans-acid 0.5 g of trans- acid (X) in-10 ml of 
methanol is exhaustively hydiogenated, using Pd catalyst, The solvent is distilled off in vacuum, leaving 0.48 g of 
crystalline product, m.p, 208-£16°, recrystallization of which from 40% aqueous acetone gives 0.35 g of trans-l-meth- 
yleyclohexane-1 acid (XD), m,p, 212-213°, in agreement with published data [2, 11). This acid does 
not depress the mp. of a s2 2 mple of trans-acid (*D obtained by isomerization of the cis-acid (VI) with concentrated 
hydrochloric acid, . 


Found %; C 57.80; 51.70; H 7.64; 7.68, CsHyO, Calculated ae C 58,0; H 7.60, 


Isomerization of ‘the trans-acid (XD. 0.3 g of wans-acid (XI) is heated with 3 ml of concentrated hydrechloric 
acid for 7 hours at 190°, in a sezled tube, Fractional crystallization from water and squeous acetone of the crys- . 
talline product cbtained gave 0,03 s of the initial trans-acid (xD) and 0.1 g of cis-acid (Vi), m.p. 156-158°, 


Anhydride of trans-lan echyleyclohex- ~4-ene~1,2-dicarboxylic acid (XID, One g of trans-acid (X) is heated on a 
water bath with boiling acetyl chloride until it] passes completely into sclution (20 min,), when the excess of acetyl 
chloride is distilled off in vacuum, The residual oil gradually crystallizes, and hay recrystallization from light - 
petroleum gives 0,8 of trans-anhydride (XID, mp. 78-79", 


Found %; C 65. 20; 65.31; H 6, 19; 6,21, CyH;,0;. Calculated %: C 65,04; H 6,06, 


This anhydride is wean by apa x with water, giving the initial trans-acid ey in quantitative yield - 
(m.p, 180-1815, 


- 


Isomerization of the (XID. 0.2 g of trans-anhydride (XID are heated for 2 at 190-200" 
with 3 ml of dioxan, jn a steel cylinder, The liquid residue remaining after distilling off the dioxan is hydrolyzed 


by boiling with water, ard the resulting cis-acid (vp is twice ai oan from water, giving 0,08 g of product — 
melting at 165-167°, 


Trans-1-Methyley wichexane-1 »2-dicarboxylic anhy: dride (XUN, a) 0.5 ¢g ait trans-acid (XJ and 3 ml of aceryl 
chloride are heated at the b.p. to complete dissolution, and the acetyl chloride is then distilled off in vacuum, 
The residual oily preduct gradully crystallizes when treated with light after recrystallization from 
0.35 g of trans-anhydride (XIM), m.p, 87-£8", is obtained, 


Found 64,36; 64.23; H 1.29; 7.33, Calculated C 64,30; H 7.20, 
The initial wans-acid (XN, nip. 212-212°, is obtained quantitatively by hydholyzing the anhydride (XU) with water 


b) 9.4 g of tra ws-l-methyl-yclohex~4-ene-1,2-dicarboxylic anhydride (x in 5 m! of absolute dioxan is hydro- 
genated, using Pd catslyst, The liqsid residue remaining after distilling off the solvent in vacuuin is recrystallized - 
from light peuoleum, givi:.g ¢.3 g of 2: hydride (XI), mp, 
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Isomerization of the trans-anhydride.(XI1), 0,3 g of the trans-a: aydride (XTU) ts heated with 4 ml of dioxan 
in a sealed tube for 2 hours at 200-210°, The liquid residue remaining after distilling off the dioxan 1s hydrolyzed ae 
by boiling with water, and the product is twice recrystallized from water, oe’ 0.2 g of pure cis-acid (vi), mp, ; 
157-158", 


IV. Condensation of diviny] with dimethyl mesaconate (XIV). 
_ A mixture of 9,2 g of dimethyl mesaconate (b,p, 90-91°/12 mm,n nf 1.4460), 16.5 g of divinyl, and 40 ml of dry 
benzene is heated for 3 hours at 210-215° in a steel cylinder, The ens is distilled off, and the staan f is fraction- - 


Fraction 1, b,p. 65-95°/3 mm,, 1.4650; weight 2.2 Rag 
Fraction 2, bp, 99-102°/3 mm., ny 1.4735; weight 8.5 g. i 


A large amount of divinyl polymer remains in the flask, A second fractional distillation gives 1.8 g of the = : 
initial dimethyl mesaconate (n D 1.4480) and 8,7 g of dimethyl 2-dicarboxylate 
(XV), yield 87% calculated on reacted mesaconic ester, b.p, 97°/2 mm, n 1.4742, 1.1170; MRp found 

Found %; C 62,25; 62, -19; H 1,62; 1.79, CyyHygQy. Calculated %: C 62.50; H 7.60, : 

The trans-diester (XV) was also obtained from trans-1- mnotiyteyciohen-¢-qne-t, 2-dicarboxylic acid (X) and _ 
diazomethane in ethereal solution; it had the same constants (b.p, 97°/2 mm., nb 1.4738). co 2 


Hydrolysis of the trans-~iestet (XV). 3.2 g of traris-diester (XV) is boiled with 20 ml of 20% aqueous caustic, 
potash until it dissolves (about 20 min,), The light yellow solution is filtered through active charcoal, and con- 
centrated hydrochloric acid is added to the filtrate until it becomes acid to Congo red. 2.6 g of acid of m.p, ; | 
179-181, not depressing the m, P. of a sample of pure trans-acid (xX), is obtained, 


Hydrogenation of trens-ester (XV), 3.2 g of dimethyl traus-1-methyl-cyclohex-4-ene-1, 2-dicarboxylate (XV) in 
20 ml of methanol is hydrogenated, using Pd catalyst, One mol, of hydrogen was absorbed (335 ml at 0° and 760 mn}... : 
The methanol was distilled off, and the residue was fractionally distilled in vacuum, giving 3 g of dimethyl tans-l- - 
methyl-cyclohexane-1,2-dicarboxylate (XVI), b.p. 95°/2 mm., D> 1.4639, d%° 1.0940; MRp Found 53,95, Calculated 
$4.11, 


Found %: C 61.57; 61.39; H 8.50; 8.63, Cdculated C 61.60; H 8.45, 


The same ester (XVD, b.p. 95°/2 mm., 1.4636, was obtained in theoretical yield the of diazomethane 
on the twans-acid (XD) in ethereal solution, 


The trans-ester (XVD (0.5 g) is boiled with 5 ml of 20% aqueous caustic oli until it goes into solution, the . 3 4 
solution is filtered through active charcoal, the filtrate is made acid to Congo red, and the precipitate forming is re > A 
collected, and recrystallized from 50% aqueous acetone, giving 0.35 g of trans-1-methylcyclohexane-1,2~dicarboxylic Agee? 
acid (XI, m.p. 211-213*, not depressing the m,p, of a sample of pure trans-acid (XI). 


V. Condensation of divinyl with dimethyl citraconate. 


: A mixture of 9.8 g of dimethyl cisraconate (b.p.: 96-97°/12 mm; n2? 1.4470) and 17 g of divinyl in 40 ml of 
—_— dry benzene is heated in a steel cylinder for 3 hours at-210-215*. The residue after distilling off the solvent is ex- 
tracted with acetone, in order to separate the product from divinyl polymer, the acetone & distilled off, and the . 
residue is fractionally distilled in vacuum, 


Fraction -1, wt. 6.1 g., b.p. 99-109°/15 mm; 1, 4550. 
Fraction 2, wt. 2.5 g., b.p. 110-130°/15 mm; np 1.4700, f 


Redistillation of Fraction 1 gave 5.6 g of pure dimethy] citraconate (b.p. 97°/12.mm; 1.4490). Repeated 
fractionation of Fraction 2 gave 1.6 g of condensation product, b.p, 97-100°/2 mm; 78 1.4715, hydrolysis of which : 
_ with 20% aqueous caustic potash gives acid (vp. m,P. yield 
” after cecrystallization 1,2 g., or 10-12% of theoretical, 


VI. Preparaticn of dimethyl cis-1-methylc late (XVII 
and its isomerization, 


A slight excess of diazomethane in ether {s added gradually to a suspension of 6 g of cis-1-methylcyclohex= 
4-ene-1,2-dicarboxylic acid (V1) in 40 ml of absolute ether, the ether is distilled off; and the residue is fraction- 
ally distilled in vacuum, giving 6.5 g of dimethyl ester (XVID, b.p. 98°/2 mm; ny 1.4745; az 1.1210; MRp 
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. found 53,28, calculated 53,64, 


Found 62,41; 62,26; H 1.64; 277. ‘Calculated . C 62,50; H 7,60, 


7 Hydrolysis of the dimethyl ester = 1) with 20% aqueous caustic — regenerates the init‘al cis-acid (VD, in 
theoretical yield, 


Isomerization of the cis-ester (xvm, A mixture rs 4,5 g of cis-ester (XVI) and sodium methoxide (12g of 
sodium dissolved in 300 ml of absolute methanol) in methanol is boiled on a water bath for 12 hours, The methanol — 
is distilled off in vacuum, the residue is dissolved in a small volume of water, the solution is extracted with ether, ed: 
the :aqueous layer is evaporated down to small volume in a porcelain bowl on a water bath, The deposit of sodium 


salts forming is filtered off and dissolved in 20 ml of water, 60% sulfuric acid is added to an acid reaction to Congo ia - 
red, and the crystalline precipitate forming is collected; yield, 2.5 g of acid of m,p, 168-175°, or, after crystaliizae ae 
tion from 1031 acetone-light petroleum mixture, 1.8 g (46% of theoretical) of trans-1-methylcyclohex~4-ene-1,2= 
dicarboxylic acid (X), m,p, 179-181°, not depressing the m.p, of a sample of known pure acid, >= a 
VII. Preparation of dimethyl sis: -1- (XVIII), 
Similarly to the preceding experiment, 4,8 g of acid (VI) and 
diazomethane in ether gave 5,1 g of pure cis-ester (XVIID, b.p, 95°/2 mm, n D 1.4635, 1,0935;, MRp found 
54,01, calculated 54,11, 
Found 61,35; 61,25; H 8,48; 8,37. CyH,,0, Calculated Cc 61.60; H 8.45, 
The dimethyl ester (XVIII) is also. obtained in theorctical yield by hydrogenation of dimethyl cis-l-methyle 
cyclohex~4-cne-1,2-dicarboxylate (XVI) in methanol solution, using Pd catalyst, Hydrolysis of the ester with 20 (i, piety 
aqueous caustic potash gives the cis-acid (vip in theoretical yield, 
Isomerization of the cis-ester (X (XVII). 4.1 g of cis-ester (XVII) is boiled fer 12 hours.on a water bath with 
. a solution of sodium methoxide prepared from 10 g of sodium and 250 mi of absolute methznol, The solution ig Pee ed ce 
2s evaporated to dryness in yac.um, the residue is dissolved in a small volume of water, and the solution is extracted a 
e with ether, The aqueous solution is evaporated down to small volume in a porcelain basin on a water bath, the . fa 
ie deposit of sodium salts {s collected, and dissolved in 15 ml of water, which is filtered through active charcoal, and a 
o the filtrate is made acid to Congo red with concentrated hydrochloric acid, giving 2.15 g of acid of m.p, 197-205%, : i 
= which when recyrstallized from 60% aqueous acetone gives 2.3 g (65% of thecretical) of pure fps 
cyclohexane-1,2-dicarboxylic acid (XD, m.p, 212-213°, hot depressing the m,p, of a known sample of the acid, . oe 
1, Condensation of divinyl with citraconic anhydride, citraconic acid, mesaconic acid, and their dimethyl ; i 
esters gives the cis- and trans-l-methyl-cyclohexane-1,2-dicarboxylic acids (VD), (vm, (X), and (XD), their anhy~. . 
drides (V), (VII), (XID, and (XII), and their aumethyl esters (XV), (XVI, (XVI, and (XVI. 
2. Condensation of divinyl with dimethyl mesaconate gives dimethyl 
dicarboxylate (XV) in good yield; the trans-acids (X), and (XJ) are readily hence derived, , * 
8. The dimethyl esters of the cis-acids (XVI) and (XVII) are converted by the action of sodium methoxide - s 
into the corresponding trans-acids (X) and (XD, in good yield, . it & 
4, The trans-acids (x) and (XI), and their anhydrides (XI) and (XUD isomerize — heated at 200", & fe : = 


afford the corresponding cis-compounds, 
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SYNTHESIS OF STEROID COMPOUNDS AND OF RELATED SUBSTANCES. “X11. 
‘CONDENSATION OF CYCLIC B-DIKETONES WITH VINYL KETONES, AND | 
FORMATIONS OF THE RESULTING eperectr 


I, N. Nazarov and-.sS. I. Zavyalov 


(D, prepared in our by th condensation of 2-methoxybutadtene with 
cyclohex-l-ene [1}, is an important intermediate for the synthesis of steroid compounds: ” 
‘cH, | Cll CH, 


CH,O 


(D 


Hydrolysis of methoxyoctalone (I) with dilute acids gives diketomethyldecalin (I). Since the above ketones (})- 
and (II) were obtained by the methed of diene condensation they must belong to the cis-decalin series, so that 
they can be used for the synthesis of only such steroid systems as have the cis-configuration of rings AandB, = ° 
However, most of the biologically important steroids, in particular the steroid hormones, have the AB and C+D 
rings joined in the trans-position, Many important steroid hormones (Progesterone, tesiosterone, corticosterone, 
cortisone, etc.) have a double bond at C.-C; in the ring systeni A-B, For these reasons we thought it necessary to 
work out convenient methods for the prcparation of 1, 6-diketo-9-methy!~A°-octalin (vn, as a starting substance for 
the synthesis of these steroid hormones and of other related substances, 


With this end in view we decided to begin our studies with the reaction of sstaieiialii of vinyl ketones 
with a with cyclization of the resulting product, according to a schemes .. 


R 


ch, 


Methyldihydroresorcinol (IV) condenses with vinyl methyl ketone (Il) in the presence of sodium methoxide 
in methanol, to give the triketone (V) in 60-65% yield, together with a small amount of the cyclic ketoacid (VI), 


formed as a result of hydrolytic fission of the triketone (V) followed by cyclization of the diketo-acid WO). are” 
ising as an intermediate peoduct,~ 
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The triketone (V) was in fact found to be very readily hydrolyzaiv.e, both by dilute acids,and alkalis at room 
temperature, with opening of the dihydroresorcinol cycle, giving the intermediate product (VII), which undergoes 
ring closure with prednction of the unsaturated keto-acid (Vil), the structure of which was established from a — 
of its ozonation products, viz,, succinic acid (IX) and acid (X): 


Hs 
Hy 
The latter acid was also synthesized from scunteneie and methacrylic esters, which were condensed, the pro- a 
- duct was hydrolyzed, and ihe hexan-2-one-3,5-dicarboxylic acid so obtained 1 was decarboxylated, giving hexan-5-one- pee 
COOR COOR 3 
The triketone (V) decomposes when distilled in vacuum (15-20 mm), giving methyléthyroresorcino When 
heated with phosphorus pentoxide it affords chromanone (XID in high yields - 


The extraordinary ease of hydrolysis of the triketone (V), with its conversion into the keto-acid (VII), was the 

chief obstacle in realizing cyclization of triketone (V) into diketo-octalin (VI). This important reaction was stwdied 4 
in the greatest detail, the best results being obtained when the triketone (V) was heated with salts of secondary amines, " 
when the yield of diketo-octalin (VI) was 60% or more, The yield was much lower when the triketone (V) was heated . 


with piperidine in benzene solution, or with anhydrous oxalic acid in vacuo, Diketo-octalin (VI) itself readily under- 


goes hydrolytic decomposition with dilute = giving in all probability, the unsaturated keto-acid (VII) or other et 
isomeric acids, 


The bicyclic diketone (VI) was recently iced in very small yield, by et and Miescher Bl from 
methyldihydroresorcinol and 1-diethylaminobutan-3-one methiodides 


- 


CH, (VD 

The Swiss chemists did not however, establish the structure of the product obtained by them, We were able ~ 

to do this by showing that the hydrogenation product is identical cis-1 which had 
previously been prepared in our laboratory, 
Methyldihydroresorcinol (IV) also condenses smoothly with 5-carbomethoxypent-l-en-G-one (XIV) in the | pres- fe 

ence of sodium ethoxide, giving the addition product (XV), where R=CHs, which was not isolated pure, since it de . Z 
composed when distilled, even in a very high vacuum (0,05 mm), For this reason the triketoester (KV, R=CHy) ~ _— 
* While we were preparing this paper for publication a paper by Tischler et al, appeared, in which certain of the = 


transformations described by us were included; in particular, the product of hydrolysis of octalin wn is assigned —— 
the structure (XI) 
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was subjected to cyclization without previous purification, by heating « vacnum with anhydrous oxalic acid, when 
crystalline 1; 6-diketo-5-carboxymiethyl--methy!-a>-octalin (XVI) is obtained in good yield, 


When heated with hydrochloris acid the triketoester (XV, R = CH3) changes fairly readily into the unsaturated 
cyclic keto~dicarboxylic acid (XVIi), by the above-described process of hydrolytic fission of the dihydroresorcinol 
cycle, with subsequent cyclization of the intermediate product, diketocarboxylic acid (XVI). The reaction of cyc- 
lization of the triketoester of dihydroresorcinol (XV, R = CH) was found to be reversible, as the diketo-cctalin deriva= 
tive (XVI is readily converted by heating with hydrochleric acid into the ketodicarboxylic acid (XVII), by hydro- 

P lytic fission, through the intermediate compounds (XV, R = CHs) and (XVID. In the same way the diketo-octalin 
derivative (XVI) is converted in practically quantitative yield into the a ester om when treated = a 


solution of hydrogen chloride in metharol, 


CHyl . CHI’ 
HO CHONa Ona (COOH), . 
(XIV) COOCH, COOR - 
R=H ot CHg 
H-CcO CH, CH; 
CH,CH,CH,COO ZO + CH,OH 
Fh 
re) HCi + H,O~ 


Cli,CH,; COOH ‘CH,CH,COOCH: 
H,CH,COOH (XVID _CH,CH,COOCH, (XIX) 


Hydrolysis of the dimethyl ester (XIX) with dilute hydrochloric acid gives the ketcdicarboxylic acid (XVIID, . 
the structure of which was e:*ablished, 2s in the preceding cese, by identification of the czonation products, succinic 
acid and heptan-3-one-1,Exlicarboxylic (XX). 


| ci, coon 


CH,COOH | 
(XIX) CH,CH,COOCHs 


Condensation of but-1-cn-3-one with the acid (XXD) in presence of sodium methoxide gives the dtketolactone ” 
(XXT), in good yields 


The diketolactone (XXD) undergoes cyclization under the influence of sodium me vhinahe: a methanol, with 
simultaneous cpening of the lactone ring, giving the hetchydroxy-ester (XXII), The kete-alcchol (XXV) is also 
forined, as a result of a process of consecutive hydrolysis and decarboxylation of the ester (XXII). As was expected, 
the compounds (XXID and (XXL) readily afford the keto-alcohol (XXV) when boiled with hydrochloric acid,. 


The starting substances for the sbove-described reactions were prepared ss follows: methyldihydroresorcinol 


- 
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CH, 
HC CH-CO CH-ONa CH, 
CH | CH, 
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(IV) was obtained in two ways; 1) from aerylic ester through glutaric a-id and methyl hexan-3-one-6-carboxylate 
(XXVII), and 2) by methylation of dihydroresoscinol (XXVIID: 


(XXVIII) 


The former method has alre2dy been described [5, 6), but we have introduced a number of improvements, The 
latter method has not been described previously, except for a short note by Robinson [7], which appeared while we 
were preparing the present paper for publication, 5-Carbomethoxypent-l-en-3-one (XIV) was synthesized from the 
methiodide (XXX), obtained from 5-piperidinopentan-3-one-l-carboxylic acid (XXIX) [8} 


(XxXIX) |. 


We originally intended to prepare vinyl ketone (XXXI) from acid (XXXID; the 
Mannich reaction took place with participation of the methylene group, giving the isomeric vinyl ketone (XXXII): 


(C2H,)NH HCl + CH,O + CH,COCH;CH,CH,COOH —> 


EXPERIMENTAL 
But-cn-3-one (I), b. P. 79-S0°, ip 1-4460, was prepared by hydration of vinylacetylene 


acid (XXIX), m.p. 145-146*, was prepared by the reaction of Jevulinic 
acid with piperidine hydrochloride and paraldchyde [8)}. 


Dihydroresorcinol (XxVIIN, m.p. 104-105*, was prepared by hydr ogenation of fo}. 
Tetrinic acid (XX), m,p. 189-190°, was synthesized from 4-bromobutan-3-one-2-carboxylic ester fl} 


Hexan-5-one-2-carboxylic acid (X), b.p, 123-126°/3 mm (semicarbazone, m,p, 140-141°) was obtained. ~ we 
hydrolysis of the condensation product of acetoacetic and esters, 


Teng uf 5-piperidinopentan-3-one-1-carboxylic acid hydrochloride (XXIX) is dissolved in 40 ml of mothonel, = 
and the solution is saturated with dry hydrogen chloride, Volatile products are removed by vacuum distiltation, ail 
the residue is treated with 20 g of saturated aqueous potassium carbonate, The oil is extracted with ether, the ex- 
tract is dried with magnesium sulfate, and the solveut is distilled off. Methyl iodide (15 gy is added to the. residue, 
and the methiodide so obtained is oun in vacuum, when it decomposes with formation of S-carbomethoxypent- 
-l-en-3-one (XIV), b -P. 99-100°/15 mm, nD 1,4491; yield 3.2 g. 


Found %: C 58,82; 58.62; H 7.30; 7.02, C,H ,0,. Calculated %: C 59.1; H.7.0, 


.Condensation of acetoacetic ester with methyl acrylate, . 


A solution of 24 g of methyl acrylate in 36 g of acetoacetic ester is added with stirring during 5 min, to a solu- 
tion of sodioacetoacetic ester, prepared from 0.5 g of sodium and 36 g of acetoacetic ester, The temperature. of the 
: mixture rises after 1-2 min,, and areas to do so for 2 hours, after which it is heated on a water bath at beste for 
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$0 30 ml of 131 hydrochloric acid is added, The oily lay. which separates is dried with magnesium sul- 
fate, and distilled; yield 46 g of 5- “c2rbomethoxy-3-carboethoxypentan-2-one, b. “A 142-144°/10 mm iene 


Pentan-4-one-l-carboxylic acid (XXXII). 


A mixture of 46 g of o-edhitsintbiaty beaten tities and 200 ml of 1:1 hydrochloric acid is boiled 
under reflux for 5 hours, the hydrochloric acid layer is separated, and the residue is distilled in vacuum, giving 20 g 
of pentan~4-one-1-carboxylic acid (XXXID, b.p, 142-144°/10 mm [13}. 


Methyl 3-methylenopentan- 4-one-l-carboxylate (XXX IIT), 


A mixture of 10 g of pentan-4-one-l-carboxylic acid, 8.5 g of diethylamine dellineitettn, and 2.5 g of paras 
formaldehyde was heated for 40 min, at 110-115° at 10 mm pressure, after which it is dissolved in 50 ml of dzy 
methanol, and the solution is saturated with hydrogen chloride, The solvent is then distilled off, and the residue is 
treated with 10 ml of saturated aqueous potassium carbonate, The oil separating is dissolved in ether, the solution 
is dried with magnesium sulfate, the solvent is distilled off, and the residue is eee distilled, giving 4,5 g of 
methyl (XXXIID, b.p. 77-81°/3 mm., 1.4510, 


Found %z C 61,31; 61,54; H 777; 7.98. CsH,Os, Calculated %¢ C 61, 54; HW. 68, 


Oxidation of methyl 3-methylenopentan-4-one-1-carboxyla te (XXXIII). 


Two g:of methyl 3-methylenopentan~4-one-l-carboxylate is heated to 90° with 20 ml of 20% nitric acid, when 
the solution begins to boil, with evolution of oxides of nitrogen, It is kept at the boi) for 2 hours, and then evaporated © 


to dryness in vacuum, The residue is succinic acid (0.7 m,P, 182-183° after from 
benzene, 


Preparation of 1, 3- ester (XXVD) 


A soluticn of 120 g of methyl acrylate in 120 g of malonic ester is added drop by drop, during 90 min., with 
constant stirring, to a solution of scdiomalonic ester, prepared from 0,5 g of sodium and 240 g of malonic esters 
the reaction flask is cooled, so as to maintain the temperature of the reaction mixture at 3840°, The system is © 
allowed to stand for 12 hou:», and the product is washed with 100 ml of 1:10 hydrochloric acid, dried with magnes- 
ium sulfate, and distilled in vacuum, giving 266 g of propane-3;1, B-tulcatboxylic ester oe b.p, 145-148°/14 mm 
[14]; 180 g of unreacted malonic ester is recovered, 


- 


Preparation of glutaric acid. 


A mixture of 250 g of propane-l, 1 ,3-tricarboxylic ester and 1,5 liters of 1;1 hydrochloric acid is boiled under 
reflux for 6 hours, the hydrochloric acid is distilled off in vacuum, and the residue te fractionally distilled, sith 
110 g of glutaric acid, b.p, 165-170°/4 mm, m,p, 95-96° [12], 


Preparation of glutaric anhydride, 


A mixture of 110 g of glutaric acid and 250 ml of iit anhydride is boiled under reflux for 2 hours, acetic 
anhydride and acetic acid are distilled off under reduced pressure, and 250 ml of fresh ecetic anhydride is added to - 
the residue, which {s boiled for a further 2 hours under reflux, Excess of acetic anhydride and acetic acid are dis- 


tilled off in yacuum, and the residue is fractionally _— giving 80 g of glutaric en b.P. 148-150°/12 mm, ae 
m.p, 56-57 (5}, 


A mixture of 80 g of glutaric anhydride and 45 g of anhydrous methanol is boiled under reflux for 1 hour, 


excess of methanol is distilled off, and the residue is vacuum eames giving 62 8 of monomethyl — 
b.p, 140-142°/10 mm [5} 


A mixture of 62 g of monomethyl glutarate and 150 Py of thionyl chloride is heated on the water bath at 50-60° 
until evolution of hydrogen chloride ceases (2 hr.), when excess of thionyl chloride {is disulled off, and the ——* is - 
distilled in vacuum, giving 60 g¢ of 3-carbomethoxybutyryl chloiide, b.p, 92-93°/ 9mm oh ; 


Methyl hexan- 3 - ~one-6-carboxylate (XXVII). 
22 g of finely powdered cadmium chloride is added _ 8 ediielaie with constant stirring, and cooling in 


. 
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pm to a Grignard ietiiein prepared from 5 g of magnesium, 30 g of et..yl bromide, and 80 ml of absolute ether, 
Stirring is continued at room temperature for 1 hour, after which 40 ml of ether are Ccistilled off, and 80 ml of dry 
benzene is added to the residue, A solution of 24 g of 3-carbomethoxybutyry] chloride in 20 ml of dry benzene is 
added to the suspension so obtained, during 20 min., and with energetic stirring, after which it is heated on a boil- 
ing water bath for 1 hour with stirring, 30 g of ice and 50 ml of 10% hydrochloric acid are then added, the ether- 
benzene layer is separated, and the aqueous layer is extracted with benzene, The combined extracts are dried with 
magnesium sulfate, the solvents are distilled off, and the residue is fractionally distilled in vacuum, giving 19 g of 
methyl hexan-3-one-6-carboxylate (XXVID), b.p. 97-98°/10 mm, 1.4303 [5} 


Preparation of 2-methyldihydroresorcinol (Iv). .- 


a) 2.4 g of methyl hexan-3-one-6-carboxylate (XXVil) is added 2 with constant to a sus- 
pension of sodium methoxide, prepared from 0,7 g of sodium and 0.9 g of absolute methanol in 30 ml of absolute 
ether, The precipitate formed’ is collected after 2 hours, washed with ether, treated with 10 ml of 1;1 hydrochloric 
acid, and washed with water, from methanol 1.17 g of m.p. 
208-809 [5]. 


~ 


b) 11.2 g of dhaherenentedl, followed by 16 g of methyl iodide, are added to a solution of sodium sauttetie, 
prepared from 2,3 g of sodium and 35 ml of anhydrous methanol, and the mixture is boiled on the water bath for 1 
. hour, after which methanol is distilled off in yacuum, and 10 ml of water is added to the residue, The crystailine 
precipitate formed is collected, washed with water, and recrystallized from methanol, giving 5 g of 2-methyldihy- 
droresorcinol, m.p, 209-210°, not depressing the m.p, of the above product, 


c) 2g of dihydroresorcinol, followed by 3.¢ of methyl iodide, are added to a solution of 1 g of potasstuni 
hydroxide in 7 ml of anhydrous methanol, and the mixture is boiled for 40 min,, after which the: operations des- 
cribed in.(.y above are performed, giving 0.4 g of m,Pp..209-210°, .not the 
m,p. of a known sample, 


Condensation of (Iv) with (111). 


A solution of sodium methoxide, prepared from 0.1 g of sodium and 30 ml of absolute methanol, is heated on 
a water bath with 3 g of 2-methyldihydroresorcinol untilthe latter is all dissolved, when 2 g of but-l-en-3-one is 
rapidly added, and, heating is continued at 55-60° for 4 hours, after which the solution is made neutral by addition 
oi concentrated hydrochloric acid, cooling with ice, The solvent is distilled off, and the residue is treated with 8 
ml of water; unreacted 2-methyldihydroresorcinol (0,2 g) is filtered off, and 3 ml of saturated aqueous sodium car- 
bonate are added to the filtrate, The oily product is extracted with ether, and the ethereal solution is dried with 
magnesium sulfate, The oes. then distilled off, and the residue is vacuum giving 2g of the triketone 
(V), b.p. 118-125°/0,1 mm.,, np 1,4910, 


. Found %: C 66,92; H 8,30; 8.51; Calculated C 67.31; H 8.17. 


The alkaline solution remaining after ether extraction is made acid to Congo red with concentrated hydro- 
chloric acid, the oil separating is extracted with ether, the extract is dried with magnesium sulfate, and the ether 
is distilled off; the crystalline residue is recrystallized from ether, giving 0.05 g of keto-acid (VID), m.p. 4849, 


Found %: C 67,06; 67,05; H 8.575 8.32. CyHyg0p. Calculated C 67.31; H 8.17, 

Equivalent found by titration 194, CH,,0,. Calculated equivalent 196, z 

The substance gives no coloration with FeCl. Its semicarbazone melts at 205-208, with divengettens:: 
. Found % N 17.24; 16,97. CisHys03Ny. Calculated %: N 16.1. 


Ozonation of the keto-acid (VIII). 


‘Oxyyen containing 6% of ozone is passed for 4 hours into a solution of 2 g of the unsaturated keto-acid (VI) 
in 20 ml of dry chloroform, and 20 ml of 5% perhydrol is then added, after which the mixture is boiled with vig- 
orous stirring for 12 hours, The chloroform and water are then distilled off in vacuum, leaving a crystalline resi- 

-due, from which 0,1 g of succinic acid, m.p, 182-183° (recrystallized from benzene), and 0,2 g of hexan-2-one-5- 


carboxylic acid semicarbazone, m,p, 140-141° (from pa, not depressing the m.p, of known ay of 
the compounds, are obtained, 
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Attempts at cyclization of the triketone 


Expzriment 1, 1 g of wiketone (V) was dissolved in 2 ml of concentrated sulfuric acid, cooling with ice, After 
standing for 2 hour at room tempercture the solution was poured on ice, and the resulting solution was extracted with 
benzene, The benzene extract was dried with magnesium sulfate, the solvent was distilled off, and the residue was * 
recrystallized from ether, giving the unsavurated keto-acid (VII), m.p. 4849", 


Experiment 2, A mixture of 2 y of tiketone (V) and 1 g of oxalic acid was heated at 110-115¢ for 1 hour, 
under reflux, the product was treated with 2 g of saturated sodium carbonate solution, and extracted with benzene, wey 
The benzene was distilled off, leaving 0.2 g of a thick pil, from which a semicarbazone, m,p. 238-241", was ob- 
tained, not depressing the m.p. of a specimen of the semicarbazone of octalin(VI). The alkaline solution remain- . 
ing after benzene extraction was made acid to Congo red with concentrated hydrochloric acid, and extracted with --= 
benzene, The solvent was distilled off, leaving a crystalline residue, ae of which from ether es 1 s 
of the unsaturated keto-acid (VII), 48~49", 


Experiment 3, A solution of 0, 2 g of scdium hydroxide in § ml of water was added to 1 g of triketone (Vv) dis- ° 
solved in 5 ml of methanol, the mixture was allowed to stand for 1 hour at room temperature, and then made acid 
to.Congo red with concentrated hydrochloric acid, and extracted with benzene, The solvent was distilled off from 
the extract, and the residue was soctynallized from ether, giving 0,5 g of unsaturated keto-acid (VII), m.p, 48-49", 


Experiment 4, 2 g of triketone (¥) was added to asolution of sodium’ methoxide prepared from 0,1 g of sod- 
ium and 8 ml of methanol, the solution was made neutral with concentrated hydrochloric acid after 24 hour at room 
temperature, 0.5 g of sodium carbonate was added, and the solution was extracted with benzene, The eee. was 
distilled off, and the residue was fractionally distilled, giving 1 g of product of b.p, 132-138°/2 mm, ny 1,5070, 
from which 0,3 g of a semicarbazone, m.p. 239-242", was obtained, net aenicae the mp, of a specimen of a 
carbazone of octalin (VI. 


Experiment 5, A mixture a 2 g of triketone (V) with 5 mi of absolute methanol and 2 drops of piperidine 
was left for 2 days at room temperature, the volatile substances wae distilled off, and the residue was distilled 
in vacuum, giving 1,2 g of a substance of b.p, 132-137°/2 mm, n D 1.5505, from which 0,2 g of a semicarbazone 
of np, 240-242° was obtained, not depressing the m,p, of the semicarbazone of octalin (VJ. ‘ iy pi 


Experiment & A mixture of 2 g of triketone (V) with 0,4 g of anhydrous oxalic acid was heated for 15 min, 
at 180-140°/15 mm,, the cooled product was treated with 3 ml of saturated sodium carbonate solution, and extracted 
with ame ~y The solvent is distilled off, and the residue is distilled in vacuum; the fraction boiling at 122-126°/ 
/2mm,, n 2 1.5235, partially crystallizes, and recrystallization from light petroleum affords 0,2 g of 1.6-diketo- 
9-methyl-A’-octalin (VI), m.p, 47~48°, the bis-semicarbazone of which melts at 244-245°, with decomposition [3} 


The alkaline solution remaining after extraction of neutral products was made acid to Congo red with con=- 
. centrated hydrochloric acid, and was extracted with benzene, The benzene solution was dried with magnesium 4 
sulfate, and the solvent was distilled off, leaving a crystalline residue from which 0,2 g of unsaturated keto-acid 
(VII), m.p, 48~49° (from ether), was obtained, 


Experiment 7, 3.7 g of triketone (V) was heated at 100° for 5 min, with 3 g of phosphorus pentoxide, and the” 
cocied product was treated with excess of concentrated aqueous sodium carbonate, the oil forming was extracted 
with benzene, the benzene solution was dried with sodium ee. and the benzene was distilled off in vecuam, 
leqving 2,3 g of chromanone (XI), b.p, 121-124°/2 mm,, n D 1.5338, 


Found C 74,06; 74,05; H 8,19; 8.05, C 74, 2; H 1.95, 


' ‘The product did not undergo hydrogenation in methanol solution with pean on ie as catalyst, 
It instantly decolorizes permanganate, 


Expe riment t 8, A solution of 2,9 g of triketone Ww) with 3 drops of piperidine in 20 ml of dry benzene was a 
boiled for 7 hours, th the solvent and the water formed were distilled off in yacuum, and the residue was fractionated, % 
giving 3 g cf oil of b.p, 130-135°/3 mm,, 1, 5370, from which was obtained 0, 3 g of 
AS-octalin (VD, mp, 47~48*, | 


Experiment 9, A mixture of 2,9 g of triketone (V) and 0.5 g of piperidine butyrate was heated on a water =a ‘ 
bath at $0-95°/15-20 mm., for 4 hours, the product was made acid to Congo red with 1:1 hydrochloric acid, and ‘s 
the solution was extracted with benzene, the benzene extract was dried with magnesium sulfate, the solvent was - 
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distilled off, and the residue was distilled in vacuun, giving 2,1 g’of o:1 of b.p, 128-131°/3 min,, 0 20 ip 1.5320, from 
which 1,5 g of 1,6-diketo-9-methyl-A*-octalin (Vi), m.p, 47-48", was obtained, 


Hydrogenation of 1,6-diketo- 9-methyl-A5-octalin (VI). 


0.1 g of 1,6-diketo-9-methyl-~5-octalin (VQ) was hydrogenated in methanol solution, with palladized charcoal 
(5 Pd) as catalyst, The reaction was completed in 17 min,, giving 0,06 g of cis-1,6-diketo-9-methyldecalin (I), | 
m.p, 66-67", not depressing the mB. of 2 known specimen obtained — of 
4*-octalin (D 


Hydrolytic decomposition of 1, (VI). 


0.4 g of 1,6-diketo-9-methyl-A®-oc -octalin (VI) and 0,3 g of sodium hydroxide in 5 ml of water was boiled dans 
reflux for 1 min,, and the cooled solution was extracted with benzene, The aqueous layer was then made acid to 
-Congo red with concentrated hydrochloric acid, and was again extracted with benzene, this extract being dried with 
sodium sulfate, and the solvent was distilled off, The residual oil was a mixture of carboxylic — from which & 
semicarbazone, m.p. 1938-199" (from methanol) was obtained, 


Found%: N 16,64; 17.02. Calculated %¢_N 16,7. 
This semicarbazone slightly depressed the m,p, of the sasaibenitiatinils of the unsaturated keto-acid vm. 


1,6-Diketo-9-methyl- 5-carboxymeth yl- AS-octalin XV}).. 


2.5 g of 2-methyldihydiorescrcinol (IV) is dissolved in a solution of 0.3 g of sodium in 8 ml of anhydrous meth- 
anol, followed by 2 g of S-carbomethoxypent-1-en-3-one (XIV), and the mixture is boiled under reflux for 3 hours, the 
solvent is distilled off, the residue is made neutral with 1:1 hydrochloric acid, and 2 g of saturated aqueous sodium 
carbonate ‘is added, The oil separating is extracted with ge and the extract is dried with magnesium sulfate, 

. The solvent is distil'ed off, leaving 3.6 g of a viscous oil (rb © 1.4850), distilling over at 195-202°/0,05 mm., with con- 
siderable decomposition, A mixture of 3.6 g of undistilled senliencliiin product (XV) with 0.4 g of anhydrous oxalic 
acid is heated at 140-150°/15 mm for 30 min,, and 10 ml] of water are added to the cooled product, giving a wer 8 
line precipitate, recrystallization of which from methanol affords 2.4 of 1 
octalin (XVI), ™.P. 172-173°, 


Found C 66,29; 66.00; H 7.02; 7.15, Calculated C 66,11: H 6.8. 
The product does net give any coloration with FeCls, It neutralizes 2 molecules of alkali when titrated hot, 


Equivalent found by tiation 115, Calculated equivalent 118, 


Hydrolytic decomposition of the product of condensation of 2-methy}- sthrsrervrorsinn) 
(IV) with 5-carbomethoxypent-1l-en-3-one (XIV). 


0.5 g of the above-described crude condensation product (XV) is boiled for 3 Sin under otien with 10 ml of 
concentrated hydrochloric acid, which is then removed in vacuum, leaving 0,25 g of the wat dei acid 
(XVI), m.p. 150-152° (recrystallized from water), 


Found %: C 61,30; 61.40; H 7.32; 7.33. Calculated Gz C 61.45 
Equivalent found by titration 126, CysHy,0;. Calculated equivalent 127, 


Hydrolytic decomposition of AS-octalin (XVI). 


0.4 g of 1,6-diketwo-9-methyl-5-carboxymethyl-A®-octalin (XVI) is boiled with 15 ml of 1;1 hydrochloric acid 
under reflux for 2 Lovrs, the hydrochloric acid is removed in vacuum, and the residue is recrystallized from water, . 


giving 0.3 g of the ketodicarboxylic ee (XVII), m.p, ae. rot depressing the m,p. of the sample obtained in 
the preceding experiment, 


Esterification of 1 XVI). 


A solution of 3,4 g of 1,6-diketo-9-metnyl-5-carboxymethyl-A5-octalin (XV in 40 ml of absolute methanol is 
& saturated with dry hydzoger chloride, and left for several days at room te:nperature, The methanol and hydrogen 
; chloride are then distilled off in vacuum, and the residue is treated with 5 g of saturated aqueous sodium carbonate, 
Sat The oil is extracted with berzene, tiie benzene solution is dried with magnesium sulfate, and the solvent is dis- 
tilled off, The residue gives 3.2 g diester (XIX), b.p, 172-173°/3 mm., 1.4905, 
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Found %: C 63.40; 63.44; H 7.94; 7.97. Calculated 9; C 63.8; H 7,9, 


Hydrolysis of the dimethyl ester (XIX). 


0.3" g.of dimethyl ester (XIX) is boiled for 3 hours under reflux with 10 ml of 1:1 iiheneaetin acid, which {s — 
then distilled. otf in vacuum, leaving 0.2 g of acid (XVID, m.p, after recrystallization from water 150-152" 2 not de- 
pressing the m.p, of a known specimen of the unsaturated par eget acid (XVID. 


Ozonation of the dimethyl ester (XIX). 


Oxygen containing oh of ozone is passed for 4 hours a a solution of 1.5 g of dimethyl ester (x9 in 25 
ml of dry chloroform, 20 ml of 5% perhydrol is added, and the mixture is boiled, with vigorous stirring, for 12 hours, — 
after which the chloroform and water are boiled off in vacuum, The residue is boiled for 2 hours with 20 ml of 1:1 
hydrochloric acid, which is then distilled off in vacuum, and the residue is fractionated by recrystallization from 
water and benzene, giving 0.4 g of scccinic acid, m.p, 182-183°, not depressing the m.p. of a known —* “ suc= 
cinic acid, and 0.5 g of heptan-3-one-1,6-dicarboxylic acid (XX), m.p, 107-10%. , 


Found % C 53,47; 53.42; H 7.34; 7.22, sHuOs- Calculated 4%: .C 53.5; H 23, 
Equivalent found by titration 101.1. CyHyOs. Calculated equivalent 100, 


The semicarbazone melts at 171-172° (recrystallized from methanol), . 


Found % N 16,60; 16,43. Calculated N 16.2. 


Condensation of tetrinic acid (XXI) with but-l-en-3-one 


2.4 g of tetrinic acid [1,34actone of butan-2-on-1-ol-3-carboxylic acid) (XXI), followed by 2, 5 g of but-1-en-3-one 
(II) are added to a solution obtained from 0.05 g of sodium and 10 ml of absolute methanol, and the mixture is boiled 
for 3.5 hours under reflux. The methenol is then distilled off in vacuum, the residue is made neutral (to Congo red) with 
1:1 hydrochloric acid, 2 g of scdium carbonaie is added, the oil is extracted with benzene, the solution is dried with 
sodium sulfate, and the solvent is distilled off, leaving 2.2 g of the diketone (XXID, b.p.. 130-131°/3 


Found Jo: C 58,58; 58,80; H 6,42; 6.65, C30. Hy. Calculated %: C 58,69; H 6.52, 


Tke substance did not give Tserevitinov’s reaction for active It a bis-semlcarbazone, 1 m.P. 205-06", 


Found %: N 28,20; 28.08, Cul Jo: N 28.2, | 
Preparation of the unsaturated ketones (XXIII) and (XXV). 5 


The reaction of condensation of tetrinic acid with but-l-en-3-one was conducted as before, except that.the amount 


of sodium was increased to 0.1 g. In this way, 2.4 is of tetrinic acid gave 2.6 g of crude titrate from _ two — 
tions were obtained: 


\ 


Fraction 1.6 g, b.p, 100-115°/3 mm 


Recrystallization of Fraction I from methanol gave 0.1 gS of crystalline alcohol = me 65-66", which in- -. 
stantly decolorized aqueous permanganate,. ~ 


Found % OH 11.76, CH yOQGH). Calcvlated %: OH 12, 15. 


Fraction II gave 0.6 g of keto-ester (XXIID, m. P. 90-91° (from methancl). Te substance dia not neutralize al- 
kalis, and instantiy decolorized permanganate salution, af 


Found C 60,30; 60,35; H 7.05; 6.96... Calculated 60 
Found OH 8.3; Calculated OH 8.7, 


A mixture of 1 g of lactone (XXID and 15 ml of concentrated hydrochloric acid was —. under atmorpherle 
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pressure; evolution of carbon dioxide was observed, and the distillate crystallized, giving 0.3 g of keto-alcohol, m,p. 
65-66° (from cqueous methanol), not depressing the m.p. of a specimen of the above-described keto-alcohol (XXV). 


Hydrolytic decomposition of the keto-ester (XXII). 


Under similar conditions to those of the preceding experiment the keto-ester (XXIII) gave 0.3 g at a substance 
of m.p, 65-66° (from aqueous methanol), not giving any depression with the above keto-alcohol (XXV). 


Attempted cyclization of the lactone (XXII). * 
4 g of lactone (XXID is heated for 20 minutes with 2 g of oxalic acid at 140-1860", and the oa was mandiasle 


a ized with saturated sodium carbonate solution, The oil was extracted with eat the extract was dried wit mag- is 
: _ Resium sulfate, and fractionally distilled. F 
Fraction II, 0.5 g, b.p, 100-130°/3 mm, ni 1.4910, 
Fraction III, 1.7 g, b.p. 130-135°/3 mm, mae 1, 4928, 
‘Fraction I gave 0.2 g of the keto-alcohol (XXV), m.p. 65-66", not dapconing the m.p. of the ob- 2 
tained specimens, Fraction II appeared to be the impure cyclization product.. 
Found %:; C 61.27; 60.98; H 6.69; 6.76. Calculated for lactone 58.7; H 6,52, 
Calculated for the product of cyclo-dehydration of lactone (XXI1)%: C 65.1; H 6,03, a : 
This substance is readily converted by boiling with hydrochloric acid into above-described keto-alcohol — 
1, A study has been made of the ecthianstini of the vinyl ketones am and (XIV) 1 with methyldihydro- oo 
resorcinol, and of the cyclization of the resulting derivatives and into. the diketo~ 
octalin derivatives and (XV): 
2, The triketones (V) and (XV), similarly to the octalins (VI and (XVD, readily undergo hydrolytic decom- a 


pesition, with ring opening and formation of the intermediate keto-acids (VI) and (XVID, which then undergo ring: 
closure, giving the cyclohexenone carboxylic acids (VIII) and (XVIII. Condensation of but-l-en-3-one with tetrin+ 
ic acid (XXI) affords the lactone (XXID, cyclization of which gives the ester (XXII) ‘and the alcohol (XXV).. The © 


lactone (XXI}) and the ester (XXII) are readily converted into the alcohol Atay by boiling with hydrochloric acid, 
by of the hydroxyketo-acid (XXIV). 
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PART 2, 1-METHYL-3-ETHYLCYCLOBUTANE AND D1{3-METHYLCYCLOBUTYL) METHANE, 


A. Kazansky and Yu. Lukina 


The synthes{s of 1-methyl-3-ethylcyc!obutane was effected analogously to that of 1,3-dimethylcyciobutane [1} 
The starting substance was also 1-methylcyclobutane-3-carboxylic acid, prepared from sodiomalonic ester and. 1-chloro- 
3-bromo-2-methylpropane, through 4-chloro-3-methyl-butane-1, ester and 


1-Methylcyclobutane-8-carboxylic acid, however, pak not give the aldehyde, but affords the ketone 3-acetyl- 


. SYNTHESIS OF. HYDROCARBONS OF THE CYCLOBUTANE SERIES 

which was reduced by Kizhner*s method to the hydrocarbon 
4 


CH,-cH NCH-COOH + CH,COOH > H,0+CO,+CH;-CH  CH-CO-CH, 


The preparation of 3-acetyl-l-methylcyclobutane, and its conversion into the hydrocarbon, proceeded mere smoothly, 
and with higher yields, than in the case of ee and its conversion into 1 Ags % ian sa 
- butane, 


A certain amount of a substance of higher boiling point was obtained in the synthesis of both iinet and . 
3-formyl- 1-methylcyclobutane; this product could have been di- (3-methylcyclobuty}) ketone, which could readily _@g 
be formed by the reactions 


2CH;-C “COOH H,0+CO,+CH;-CH = CH-CO-CH  CH-CH, 
This : supposition was checked by converting pure 1-methylcyclobutane-8-carboxylic acid into the ketone, at 7 
se 420° in the presence of manganous oxide, The kesone so obtained had the same b,p, of 215-220°, identical with 


that of the ketone obtained as a by: es of the above a ¢ which could, — be a mixture of the 
three fsomerss 


() CH, 3 


co 


kYs> ‘trans-trans-isomer 
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2,4-Dinitrophenylhydrazone of 3-acetyl-1-methylcyclobutane 


. 


The separation of the stereoisomers was not attempted, the mixture being converted by Kizhner's method into 


a mixture of hydrocarbons, The stercoisomeric hydrocarbons were also not separated, in view of their small amount, 


and of the complexity of the separation process, 


The stereoisomeric 1-methyl-3-ethyleyclobutanes obtained by Kizhner's method from 3-acetyl-1-methylcyclo- 
butane were separated by fractional distillation, using an efficient column, into cis- end trans-{somers, obtained, 
similarly to the 1,3-dimethylcyclobutanes, in a fairly pure state, The determination of their space configuration 
.was performed in accordance with the principles advanced in the preceding paper [1}, 


EXPERIMENTAL 


1, _3-Acetyl-1-methyicyclobutane CH3—CH H-COCH, 


420°, prepared as described in the previous paper [1], Unreacted acid was scparated from the reaction products by 
shaking with aqueous sodium carbonate, The alkaline solution was extracted with ether, which was added to the 
ketone layer previously separeted, the mixture was dried with magnesium sulfate, and the ether and a small amount 
of acetone were distilled off. The residue was fractionated in a Favorsky flask: 


Fraction I, wt, 14,4 g, b.p. 146-156, 
Fraction wt. 1.4 g, bp, 156-220% 


The alkaline solution was made acid with mineral acid, and the acidic products liberated were extracted with 


ether, The extract was dried, the ether was distilled off, and the residue was fractionally distilled, giving 4.2 g of 


methylcyclobutanecarboxylic acid, b.p, 198-203°, Thus the yield of was 63.7% on 
the basis of acid taken, and 78% on the basis of acid actwally used, 


The yields obtained under identical conditions, but at a temperature of 412°, were lower, viz., 69.8, 11, at 
10.4% of theoretical on acid actually used in the reaction, or 55-56% on acid taken in the mixtare, 


Altogether, 98, 4 g of 3-acetyl-l-methylcyclobutane was obtained, ake cot. 


The ketone reacted less readily than did the aldehyde with sodium bisulfite, but it gave a eobueninines preci- 
Pitate of bisulfite compound after standing for several hours, The compound, which crystallizes in fine needles, was 
collected and washed with pentane, and the ketone regenerated from it was distilled from a Favorsky flask; it con- 
sisted evidently of a mixture of cis- and trans-isomers, which could not be separated, ° The redistilled ketone had 


the following properties; b.p. 144-149°/758 mm., nj} 1.4281, d2°_ 0.8755, MRD found 32,95, calculated for 
32.34 (increment of MRp 0.61). 


Found %: C 74,72; 74,72; H 10, 975 11, 05. CH,0. %: C 14, 94; H 10. 19, 
Semicaibazone of 3-acetyl -1-methylcyclobuta ne 3 
.CH,-CH 
\cr, 


N-NH-CO-NER 


"This was prepared in exactly the same way as the semicarbazone of 3-formyl-1-methylcyclobutane fil & 
melted at 125° after 5 recrystallizations from aqueous methanol, and it probably corresponds to that of the stereo- 
isomers of the ketone which predominates in the reaction product, 


Found %: N 24.46. CyHysONs. Calculated N 24.94, - 


5 A mixture of 23 g (0.2 mol.) of 1-methylcyclobutane-3-carboxylic acid and 51.5 g (0.86 mol,) of glacial acetic 
acid was passed. at the rate of 16 ml per hour through a tube containing 50 g of freshly reduced manganous oxide at 
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This was prepared in ibe way as the coursgundiag derivative of {i}. 
melted at 140° alter 4 recrystailizations hom ethanel, 4 
Found % WN 18.97; 13.52. Calculated %; N 19,25, 

2. 1-Methyl-3-ethylcyc}obutane CH,-CH CH-C,Hg 


A solution of 74 g (1.47 mol.) of by*-azinc hydrate im 70 mi of ethanol was added to 81.8 g (0.73 mol) of 3 
acetyl-1-methylcyclobutane dissolved in 80 ml of ethancl, and the mixture was boiled for 4 hours under reflux, The © 
aqueous layex formed was removed, and the hydrazone was dried with anhydrous potassium hydroxide, at room tem= 
perature jnitially, and later cn a boiling water bath. The hydiazone was separated from the potassium hydroxide solu- $ 
tion, and was decomposed, without any preliminary distillation, in exactly the same way as the hydrazone of 3-formyl- . 
1-methyleyclobutane [1], giving 53.3 g of 1-methyl-3-ethylcyclobutane, a yield of 75.4% calculated on the amount of 
3-acetyl-l-methylcycicbutare taken, The product was dried over fused calcium chloride, and was distilled from met- 
allic sodium, giving 2 product of the following properties: b.p, 87,9-91.6°/755 mm., np 1.4019, 0.7262, found 
32.88, calculated for 32,32 (inczeinent of MR, 0.56). 


The hydrocarbon so obtained was a mixture of tie wans- and the cis-isomer, and, as in the case of 1 S-dimethyl- 
cyclobutane, sepatation imo the individual stereoisomers was effected by fractional distillation of 50,25 g (70.4 ml) _ 
of the hydrocarbon, using a column of 50 theoretical plates, with an output of 1 ml per hour, adding 15 ml of octane 
iD 1,3970) w the distilling flask after 60 ml of distillate had been received,. 


° Two fractions, boiling at about §8° and 91° at 760 mm, were obtaized, as — as an intermediate fraction which - 
was returned for further fractionation, The fractions shown in Table 1 weve finally collected, 


TABLE 1. : It may be concluded from the results shown in Table 
No. of Bp. i that we had separated two individual hydrocarbons, — 
Ae oa boiling at 87.9-88,1° and at 91.0-91.1°/760 mm, and an 
intermediate fraction, being a mixture of these fractions, 
16.3 - 87.5 distilling over at 88.1-91,0°, The fraction of b.p. 87.9- 
87.5 - 87.9 &8,1° may be assumed, on the grounds given in our pre=- — 


Pressure, Amount 


2 

y 3 $7.9 - 88.1 vious paper [1], to be the trans-isomer, and the fraction 

4 88.1 - 91.0 of b.p. 91,0-91,1° would be the cis-isomer of L-snetiyt- 

91.0 - 91,1 3-ethylcyclobutane, 

: 6 21,1 - $2.0 


Trans-1-% {ethy]-3-ethy] cyclobutanes 81, a 
88.1°/760 mm, ny 1.4005, 0.7224, MRp found 32. %, 
calculated for 32.32 (MRp increment 0,64), 


Found $x C 85.61; 85.64; H 14.39; 14.40. CjHy. Calculated %: C 85.62, H 14,39, 


Cis-1-Methy!-3-ethylcyclobutane: b.p. 91. 1°/760 mm, n D 1.4043, 0. 316, found $2. 81, calculated 
for Cy $2.32 (MRp increment 0.49), 


- 


Found 85.56; 85.53; if 14.27; 14.43. CyHy Calculated 85,62; H 14. 38, 


The aniline points of the stereoisomers of 1-methyl-3-ethylcyclobutane and 1,3-dimethylcyclobutane are eiven 


in Table 2, 
TABLE 2 = 3. Di-(3-methylcyclobutyl) 
1,3-dimethylcyclobutane \cu,/ \cH,/ 


28.1 g of freshly distilled 
carboxylic acid was passed at a rate of 11.5 ml per hour at 420° through a tube containing 50 g of freshly reduced 
mManganous oxide, After exuaction with sodium carbonate solution, in order to remove unreacted acid, the neutral . 
reaction ape was distilled from a pag flask, and.the main fraction, boiling at 218-223°/759,5 mm, np 
1,4556, 0.9142, was yield 43.5%, calculated on the amount of acid taken for the reaction, The MRp 
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found was 49, 6s, calculated for C;,ti,0 48,61, increment 1, 04, or 0,52 per exctobutane. 


assumed that this fraction is a mixtuze of stereoisomeric di(3-methylcyclobutyl) keiones, although its car- 
ore, . bon content is somewhat lower than expected, The semicarbazone, prepared in the usual way, and four —_ re- 
crystallized from aqueous methanol, melied at 118°, 


ketone did not give a crystalline product with 2 the heavy orange colored oil 
obtained was not analyzed, 


This was prepared from the above ketone, as well as from the fraction of b.p, 213-220° which Is always ob- © 
tained as a by-product during fractionation of the products of synthesis of sSsemitn erate a ripen! and of 3- 


A solution of 33 g (0.2 mol.) of di-43-methylcyclobusyl) ketone or of the fraction of b,p, 213-220° in 35m ary 
of absolute ethanol was added gradually to 22 g (0.44 mol.) of hydrazine hydrate in 25 ml of ethanol, and the 
mixture was heated on a water bath for four Lours, The ethanol was distilled off on the following day, from an 
oil bath at 140°, and the residual oil was dehydzated by adding anhydrous caustic alkali, The hydrazone was de~ 
composed as before [1], without previous distillation, The hydrocarbon so obiained was washed successively with 
50% acetic acid, 50% salfuric acid, and 10% sodium hydzoxide solution, dried with calcium chloride, and dis- 
tilled from metatlic sodium, giving 9,2 g of a hydrocarbon of b,p, 178-184°/ 747 mm; the b.p, of this product 
was not changed by redistillation, Owing to the small amount of this produci, it was not subjected to further’ 
fractional distillation, although it must have consiste? of a mixture of stereoisomers, as was mentioned earlier 
in this paper, The hydrocarbon had the following propesties; ny i 2.4402, 4%’ 0.8027, MR, found 49, 98, cal~ 

culated for 48.56, (h i inczement 1,42, or 0.71 per cyclobutane ting). 


Found %: C 86,70, 85.44; H 13,24; 13. 22. Calculated C 86, 155 #H 13,25, 


Molecular refraction of compounds possessing the cyclobutane ring. Rash e 


All the cyclobutane derivatives so far prepared have a higher molecular refraction than the theoretical, 
Wallach [2] in 1889 found that for the sodium line D the molecular refraction of pinene and of some. of its 
derivatives exceeded their atomic refraction by an ‘amount of about 0.4, Oestling si in 1912 tabulated the 
molecular refractions of the 16 cyclobutane derivatives then known, 


Substance Increment MRD Substance a Increment MR 


2. CH-CH, cyclobutanone diethyl cyclobutane-1, 1-di-| 0.87 
Cl_-CH-coocH, 
H,-CH-CH,OH - CH,-CH-COO-CH—CH, 


5. CH,—-CH, cyclobutanecarboxylic acid cyclobutyl cyclobutanecarboxylate 


CH,;—CH-COOH 
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; Ge:thing, vm ine re ¢ the dats of Table 3 
increment is (vith dre exceytion of compound: No 
Si aren: woe 34), derived a value. of 0.48 for the iuerementin— 
10. = 0.48 | refraction, This velue was-quoted by 
yim cy birdungen"” [4], and has continuedc to ne cited in 
of cyclcbutane hydiacarbons synthesized since 1912 
thows tha: the average value of the incrementis . - 
a CH,-CH-CH, methylcyclobutsne [5] 0,53 - 
2, CH,-CH-C,H, ethylcyclobutane [6] | 0.45 
GOOCH, 3. propteyelobutane (7) 0,52: 
4. C3,-CH-CH butane [8] 
coocn, 
15. glycol jrepared 0,31 ischutyleyclo-] : 
| CH, from ester of pinic | 5. CH-CH,-CH butane [9] - 0,45 
ecid H, 
16, H,C-OOC-CH 1,14 = 0.5 6. CH, CH, 0,47 
0,41 
The compounds described in this and in the preceding . of . 
paper, however, show a higher increment of asis evident 
from Table 5, 


The increase in the incsement of molecular refraction may be ascribed to the circumstance that the cyclo- ~- 
butane derivatives in question are disubstituted ones, and hence represent mixtures of cis- an? trans- isomers, Thisis -- 
ruown by their indefinite boiling points, and by the fact that the last two compounds of Table 5, 1,3-dimeéthylcyclo- 
butane and 1~methy]-3-ethylcyclobutene, have been separated by fractional distillation into their steroisomers, .It. 
appeared that whereas the cis-isomers of these hydrocarbons have an increment of molecular refraction fairly closes 
to the mean value calculated for the various monosubstituted cyclobutanes, the traus-isomers have a much higher : 
increment, zmounting for uars-1,3-dimethylcyclobutane to +0,68, end for 1-methyl-3-ethylcycicbutane to +0,64, 
This explains the clevated values of MRp found for the disubstituted cyclobutanes, It is, in connection with this, _ 
necessary In speaking of the increment of molecular refraction of cyclobutsne derivatives to take into account thei 


structure, and in particular the number of seheisenats in the ring, on which depends the possibility of the existence - 
of stereoisomeric forms, 


1, The {methyl has been synthesized and separared | into. its aie and 
trans- isome.o, 
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an 
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TABLE. 
~~ Substance 
1. CH,-CH-COOH 
2, CH,-CH-COCH, 9.6 
3. CH,-CH-CHO 


CH;-CH—CH,  CH,-CH-CH, 
ketone 


Cl 


CH;~CH—CH, CH, CH-CHy 


6. CHj-CH-CH, —_1,3-dimethylcyclo- 
CHj-CH-CH 
CH,-CH—CH, 
Average increment of.MRp 


3-formyl] 0.64 
cyclcbutane 


1-methy]-3-ethyl- - 
cyclobutane 


'Increment. MR 


cribed, 


2. The new compound di43-methylcyclo- 
buty])-nethane has been synthesized | as. a mixture 


3, A number of new disubstituted line 
butane derivatives have been ne and des- 


‘The disubstituted cytlobutanes are 
shown to have an elevated increment of molec- 
ular refraction, due to the effect of the trans- 
isomers, 
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EFFECT OF THE DIMENSIONS OF THE ELEMENTARY CRYSTALLITES ON THE 


POROSITY AND ACTIVITY OF AlzO, CATALYSTS OF DEHYDRATION REACTIONS 


A.M. Rubinshktein, 8. Vasserberg, and N. A. .Pribytkova. 


A more or less poly-disperse precipitate is obtained in any process of precipitation of hydroxides, Under stand- _ 
ard conditions this follows during the whole duration of the process from the probable distzibution of the particles, 
while under ordinary conditions of precipitation additional factors are the variability of physical (stirring, and the 
like) and chemical conditions (progressive diminution of the concentration of the cations undergoing precipitation, 
and increase in the concentration of other cations in the solution), We have not been able to trace any reference in 
the literature to the effect of the poly-dispersity of hydroxides on the structure and the properties of the oxide cata- 

. lysts obtained therefrom by dehydration, We have attempted to investigate this question, taking alumina as the oxide, 
and separating the precipitated aluminum hydroxide into fractions by a sedimentation method, Our investigations 

had as their object to answer the questions; 1) Are there any differences in the activity of the Al,O, obtained from 

the different hydroxide fractions? 2) Are there any differences in structure between the oxides produced from the 

different hydroxides? 3) What differences are there between the specific surfaces of the oxides prepared from - - 

different hydroxide fractions? Our studies involved the investigation nct only of the catalytic properties of the 

oxides, but also of their X-ray structure and of their adsorbent properties, This _— us a sufficiently full picture - 

of the properties of the seein oe of Al,0, as dehydration catalysts, 


EXPERIMENTAL 


Preparation of Specimens of Catalysts, 


Our initial hydroxide was obtained by precipitation with 5% aqueous ammonia from a boiling solution of 
250 g of Al(NO3)s, 911,0 in 3 liters of water, and was washed by decantation with hot water until the reaction for 


‘the NO, ion became negative, The volume of the suspension was then made up to 3 liters, and the suspension was E 
shaken and allowed to stand for 24 hours, after which the upper two liters, with the most highly disperse precipi- ie 
_ tate, was removed (suspension }), the volume of the residue was made up to 3 liters, and the operation was re- ; 
peated, giving suspension Il, and the residue was again diluted, giving further suspensions, according to the scheme . 


given in Fig, 1. Catalyst No, 1 was prepared from the smallest particles of hydroxide from suspensions I and II, 


catalyst No, 2 from suspension III and IV, and catalyst No, 3 from the largest particles deposited at all stages of 
the process, 


We edad intended to prepare the specimens separately from each suspension, but we found that we » had ; 
to unite pairs of suspensions, in order to have enough material for all the determinations necessary, Attempts at 
determining the particle size of the various hydzoxide suspensions by means of Rehbinder*s sedimentometer were 
unsuccessful, owing to the very small rate of sedimentation of the smaller particles, and to the stopping up of the 


lower part of the sedimentometer tube by the gelatinous precipitate, which prevented any change in the level in 
the graduated part of the instrument, 


All the specimens were pressed into cylinders of the same size, using a press with the same aperture, the 
cylinders were dried in air, and were heated at 360° under standarized conditions, to constant weight, Catalysts ° 
Nos, 1, 2, and 3: were thus prepared, in amounts of 9,2, 4.9, and 13,4 g, corresponding with 33.4, 17.8, and 48.8% of 
the total amount of Al,O, produted, The specific weights of the heaped catalysts 1, 2 and 3 vary to some exteat 


(sce Table 6), Their eae water content was determined by heating to constant weight at 900-1000*; the re- 
sults are given in Table 6, 


Experimental Data 


The activites of the Al,O, catalysts were determined basically from their effect in the dehydration of 11.50 
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| Precipitate 1 liter | | Suspension] -2 

Volume made up to 3 : 
<2 , liters, shaken, and al- 
; _ lowed to stand for 24 hours 

acid and of 96% ethanol; additional experiments were also performed with n-butanol and = 
&§ The experiments were - performed on flowing systems, in a Vaskevich reactor [1], which is adapted to use with eS “ ae 
small amounts of catalyst. The reactor was warmed in an oven, the temperature of which was regulated by means . & 
of a contact galvanometer, the tempezature of the catalyst being measured by means of a thermocouple. For all ? - 
experiments 1 g (2 ml) of catalyst was taken. The rate of flow of the substrates was 5 matmalnns conta at the rate _ 
of 2 liters per liter of catalyst per hour, Be. ~ , 


The results (reduced to N.T.P.) obtained in the basic expériments are shee in Tables : and 2, They ane. we . 
that the relative activities of the catalysts 1, 2, and 3 as found for dehydration of HCOOH are also applicable to.de- . ie 
hydrationof ethanol, Since the amount of catalyst taken was in all cases 1 g., the data given characterize the spe-_ 
cific activity of each of the specimens of Al,0, studied. Tables 1 and 2 also give the amounts df by-products 
formed, viz., CO, and H, from dehydrogenation of HCOOH, and CHy, CO,, and H, fromethanol, -— Beas _ 


* These results show that under the given conditions the main reaction of dehydration was complicated very . ee 
_ little by side-reactions, We should add that the figures given in TabJes 1 and 3 for amounts of by-pzoducts must be 
regarded as only approximate, in view of the very small volumes of gases remsining aiter absorption of CO, and CO, 


in the case of HCOOH, and of CO, and C,H, in the case of ethanol, This made it necessary to dilute the residues _ 
- with large amounts of nitrogen, in order to have a sufficient volume of gas for the manipulations associated with si -_ 
their determination, | 
Xe e 
: If we take the specific activity of Catalyst No. 3 as unity, then the spedific actlyities of catalyst Nos. 1 and ; —_ 
2 would be expressed by the 0.68 and 0.64, for HCOOH, and 0. 59 0.49 for om. 
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TABLE 1 X-Ray Study of Spec- : 


Experimental Results for Decomposition of HCOOH imens of 
M1 of products (at N.T.P.) evolved per ml of HCOOH. at 

iron radiation (Kg =1.932 A) 
ew [= [eo cof m| = co[m tim 
alyst posure time of 6 hours, at 30 ~ 
1 150.2} 8.4 |132.6] 8.4] 244 | 10.0] 227.0] 7.6/376,0/25,2| 325.0) 24,1 kV and 10 mA, All specimens 
2 123,9] 3.27/113.0| 17.4; 227.0] 8.4) 207.0) 11.4) 338,0/14,1 306.0] 18,3 gave crystallite X-ray dia- 

3 267.0} 10.0 |248.0 10,9) 357.0} 6,1) 342.0) 7.91504,0/10,0; 482.0) 10.0 grams, but the Roentgenogram | 
: of Catalyst No. 1 exhibited a 

which rendered impossible its photometric study for the determination of the 
‘Deqemgenaen of Ethanol at 325° dimensions of the elementary crystallites, The diagrams showed that all the | 
catalysts consisted of y-Al,Og, and that other modifications of Al,O, were 
absent, as were also its crystalline hydrates. The relevant data are given in 
Table 3, from which it appears that the magnitude of the parameter for the _ 
face-centered cubic crystal lattice of ALO; differs little from specimen 
to specimen, : 


Ml of product (at N.T.P.) 
evolved per m1 of ethanol - 


The ntatiianinadat curves taken from the Roentgenograms were = 
recorded with the aid of a registering Siegbahn microphotometer, with a - 
mapeetion of 2.5. Measurements of the half-width of the lines of Brill’s 


R 
curves [2] eee as a basis for eatin at the valuesof 1 rt and the values 


of 9 and of X (linear dtmendons of the elementary crystallites) were then derived. The results given in Table - 
show that there is satisfactory agreeement between the values of X obtained for different angles of reflection, which : 
testifies to the cutie form of the Al,Os; crystallites in the — examined, 


Roentgenostructural Data for the Catalysts 
(Derived from Experimental Results) oa 


222 medium 
004 medium 
024 medium 
333/511] weak 


004 strong 1,410 
244/600 weak | 1,500 
444 | medium 1,726 


Determination of the Specific Surface of the 


Catalysts : 


The determination of the specifi¢ surface of the catalysts — ales wf 
was based on measurements of the adsorption isotherms for the : ine, eis 
vapors of methanol and of a-pentane at 25°, made using the ord- Fig. 2. Adsorption isotherm for methanol or 
inary apparatus, with a quartz micro-balance, The methanol and - N-pentane vapers, at 25°; 1) Catalyst No, 3, 
the pentane used were first subjected to thorough rectification in _ CgsHy; 2) catalysts Nos, 1 and 2, CgHis; 

a laboratory column, cffectivcness 30-40 theorctical plates, The 3) catalysts Nos, 1, 2, and 3, CH,OH. . 
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1 96.8] 83,2) 2,6] 5.4] 4.35 — 
2 19,3! 69.2) 2.7] 1.8 
3. [158.9] 152.0] — | 2.4]4,0 
2sind | J |[2sino | 5/2 sino 
0.860 | medium| 0,838 2 sp 
1,080 - weak | 1,080 
1.296 _| medium] 1,278 | medium} 1,294 3 


TABLE 4 
Determination of Dispersity (Size of Elementary Crystals) © 


of width ing to int 
ofline, ' Roentgen-; 
' in mm? ocram 


n 


es 


Fig. 3, BET curves for Catalysts 1, 2, and 3, with methanol , 
and with n-pentane: 1) Catalyst No. 2, C;His; 2) Catalyst 
No, 1, C;H,y; 3) Catalyst No. 3; 4) Caralysts 

1, 2, and 3, CH,OH. 


Amean, 


2 1004] 1.441 29,7 j 0-285 | 0.00437, 35.5 
1,52] 44,1 | 0.287 | 0.00440; 35.1 35,3 
3 1004] 0.96] 30.6 | 0.164 | 0.00278, 55.3! 
ral 1.08 40,55 | 0,180 ' 0.00305; 50.5 51.4 
044, 1,22 {2 44.8 |o. 188 | 000318; 48.3; 
TABLE 


Adsorption Met: and in m-mole/g of Catalyst 


Methanol Pentane 


* tion, in m-mole/g, and the rectilinear 


magnitude of the specific suface was calc- 
ulated by tne meti-.od of Brunnauer, Emmet, 


and Teiler. The values obtained for adsorp- 


Fe 


curves derived therefrom by the. equation of 
Brunnaver, Emmet, and Tellez are shown'in 
Figures 2 and 3 (see Table §). % 


Between Structure, 


Surface, and Astivity of the 


Catalysts 


ofp |p Catalyst Catalyst Catalyst 
No.1: No.2; No.3 No.2! No.3 
0.02 21054 ' 4,922 | 1,944 |0009 0,335. 0,243: 0,415 
0,06 2,209 ; 2,298 | 2.214 0.023 0,413 0,310. 0,551 
0.08 2.416 2.332 | 2,322 (0.029 0,424 | 0.363. 0.727 
O11, 2.460 2,452 | 2.420 [0,040 6,480 9,387 5.703 
0,15; 2.563 2,553 | 2,675 | 0,081 . 0,525 0.4465 
0,20 2.545 | 2,700 0,064 | 0.624 | 0.497. 0.791 
0.27 2.598 2.640 ; 2,820 | 0,084 0,673 0.582; 1,014 
0.31; 2.736 2.760 | 2.682 0,104 0,766 | 0.660; 1.103 
0.42; 3.000 2,891 3,060 | 0.128 0.870 | 0.766, 1.280 
0,43' 3.124; 3,000 3,116 [0.172 0.960 | 0.854, 1,350 
0,57; 3,331 | 3.316] 3,186 | 0,210 | 1.038 | 0,943) 1,446 
0.63! 3,581 | 3.693 0.264 4,116 1,092) 1.694 
0,72! 4,194] 4.216! - 0.328 1.265 1.207! 1,774 
| | 0.390 3,373 1.295] 1,894 
0.464! 1,596 ' 1.557! 1,926 


The 1esults iéported in this paper 
show that the catalysts prepared from dif- 


ferent hydroxide f:actions ae not identical; 


This is evider:t from a comparison of their 
physical pcpe:ties and of other data pie- ..: 
senied in Table 6, azd also from their spe- 
cific activity tatios for the reactions of de- 
hyd-ation of HCOOH and ethanol, Thus. 
Catalyst No, 3 is 1.5-2 times more active 
than Catalyst No, 1 in the reactions of 


_ hydzatioa of SCOOH oz ethanol, at differ- 


ent tempe:atures, and Catalysts No, land 
2 in tun diffe: considerably in activiry,, 
although the specific weights differ very 
little, and atthough their specific ’su:faces 


"are very similar, for both adsozbates 


were not able te establish whether the di-*” 
mensions of the elementazy czystallites of 
Catalysts 1 and 2 differed, owing to the 
interference of the backg-ound which pre= 


‘vented photomet:ic study of the Roentgen- - 


ogtams of Catalyst No. 1; a visual com- 
parison of the Roentgenograms of Catalysts 
1 and 2 seemed to show that the breadth of 
the lines was very similar in both cases), 
We emphasize that the preparations of | 


_ Al,0; studied all had practically identical 


crystal lattice constants, 


A compa-ison of the specific 
of the catalysts stowed that No, 2 was.the 
least active. This is apparently connected 
with its greater content of residual] water, 
as shown by its loss of weight when heated 
to 900-1000°. Since the Roentgenograms 
show only Al,O, lines (Table 3), those of 
y~Al00H being absent, it may be conclud- 
ed either that the latter phase is amorphous 


'. tO X-rays, in view of its low content, or, 
_ More probably, that the residual wate: of 


Catalysts dried at 360° is present asanad-. - 
sozbate on y-Al,Os. The reciprocal rela- 
tionship berween the residual wate: content 
of the cata‘ysts and their ‘activity in both 
the reactions is found to be practically 


* linear, as is shown by Figure 4, 
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TABLE 6 . 


Physical constants and activity ratios of the catalysts 


Sp. surface in sq. | Linear di- | Relative activity in 
m. per g mensions | dehydration of 


CH,OH | p-C;Hy of crystal- 
lites, in A. 


Amt, ob- 
tained, g 


loss when 
calcined 


lyst 


0. 5 9 os 
0.49 
1.00 


The fall in activity as s the water content rises may be due to its adsorption at the active centers of the catalysts, 
i,e,, to blocking of these centers by water molecules, or to interfezerce with surface diffusion of the reacting 
- _ substances and of reaction products by water molecules preser:t ir the micré-pores of the catalysts, 


The Roentgenographic data, which give no evidence for the presence of y-AlOOH, lead to the explana- 
; tions of the inhibiting effect of water given above, since at the tempezature of the dehydration experiments 
y-AIOOH gradually loses water, which ma} y then lower oe activity of the eT either by blocking active. 
centers, or by hindering diffusion, : 


In addition to comparing the linear dimensicns of the elementary crystallites of the catalysts, and the | 

‘ magnitudes of their specific surfaces, we attempted to determine or compace their porosity, by the methods 

described by Dubinin [3] and Kiselev [4] for estimation of the pore size Of adsorbents, With this object ia view 
we measured the surfaces by the method of adsorption of the vapozs of methanol and n-pentane, We selected 
the most trustworthy of the published values for the area occupied by a molecule of these substances, viz., 
33,2 A for pentane [5), and 145 sq, m, per mM for methanol [5} We found that the adsorption isotherms for . 
methanol, and the values for the specific surfaces of the three catalysts hence calculated, are practically 
identical (Figs, 2 and 3, Table G), The adsorption isothe:ms for n-pentane, ard the derived specific surfaces, 
are, however, practically identical for catalysts 1 and 2, but are both much greater for catalyst No, 3, 


The smaller figures for adsorption of n-pentane than of methanol 
for catalysts 1 and 2 can be explained only on the assumption that parts 
of the surface of these catalysts are inaccessible to the relatively larger . 
n-pentane molecules; such parts of the surface may be supposed to be the 
walls of the finest micro-pores, This explanation is in good correspondence 
with the conditions of ea of the catalysts, and with the results of — 


} 
X-ray studies, ~ 
The differences between the values for the specific surface with 
regard to methanol (286 sq.m, per g for all three catalysts) and to pentane 
(179 and 264 sq,m, per g) can also be ascribed to differences in the size 
of the adsorbed molecules, Our results are in agreement-with published 
references to differences in the valves of specific surface derived from 
" S ; measurements cf adsorption of substances whose molecules are of widely 
HD different size; thus the specific suzface of a specimen of Al,O, was found 
. : to be 141 or 70 sq.m, per g., 2ccording to whether the adsorbate was 
Fig. 4. 1) HCOOH; 2) C,H,OH "Nz or C;7H;;COOH [7}, Our findings show that considerable differences 
in specific suface, markedly affecting the activity of the catalysts, are 
: _ obtained with much smallez differences between the size of the mole= 
a cules, as with CH,OH and C;H,. These findings show clearly that the method for determination of the specific - 
eS surface of catalysts based on measurements of .low temperature adsorption of nitrogen (area occupied by a mole- 
cule is 16,2 A?) is inacceptable, in particular for the case of o1yanic catalysis, in which the reacting molecules oss 
| are of relatively large dimensions, It is in such cases preferable to derive the measurements of specific surface. 
i from values obtained for adsorption of substances of molecule size comparable to that of the substance entering 
into catalyzed reaction, Similar conclusions regarding the unsuitability of relatively large molecules for 
| measuring the actual surface of micro-pored adsorbents have been mann by Kiseley et al, ina recently published 
paper (6), 
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i It follows from the observation that the specific surface of the catalysts, as derived from measurements~ --- 
of adsorption of methanol, is the same in all cases, although their activities are different, that some complex _. 
relationship must exist between the activity of a catalyst and its specific surface, The usual assumption that 
differences between activity of catalysts are due to differences in the number of active centers-per unit of surface, * 
as measured by physical adsorption methods, is obviously inadequate; it is necessary also to include a considera- 


tion of porosity characteristics of the catalysts, Thus in our case the smaller surface of the more highly dispersed - 


catalysts Nos, 1 and 2, as derived from the measurements of adsorption of n-pentane, stows that the diameter of | 
the micto-pores ‘of these catalysts is smaller than of catalyst No. 3, and this leads to diminut‘on in their activity, 
although they have the same specific surface as catalyst 3 with regard to methanol, : 


The large specific surface of catalyst 3, with regard to pentane, is not Secvetions. It is‘obviously con- 
nected with the large linear dimensions of the Al,Os crystallites of this catalyst, which when packed together to 
give secondary particles give rise to pores of larger diameter than do the smaller crystallites of catalysts 1 and 2, 
This is connected with the fact that catalyst No, 3 is prepared from the most coarse-grained and rapidly.settling 
fraction of aluminum hydroxide, On the other hand it is well known that with conside.abie increase in particle 
size an abrupt fall in specific surface and in catalytic activity ensues. There should, therefore, exist certain 

~ limiting sizes of the elementary ciystallites for which catalytic activity is at a maximum, An optimum dis- 
persity was found to exist for a number of catalysts [8], .and for various reactions [9]. As appears from the present ~ 
paper, one of the most important factors, of a purely structural nature, respons‘ble for the existence of an optimum 
value for dispersity, is the most favorable diameter of the micro-pores for a given reaction; these micro-pores are. 


in turn formed by crystallites of certain optimum dimensions which are aggregated to give the ene ai: particles 
(catalyst granules), 


between crystallites which have adhered to each other at certain angles, may be too small to permit of the entry > 
of the reacting molecules, This explains why the maximum activity does not coincide with the greatest dispersity, 
as measured Roentgenographically, The optimum dispersity is that at which the dimensions of the elementary ~ 
crystallités are such as to lead to the formation of micro-pores of a diameter similar to or greater than that of the” 

* reacting ‘molecules, It is obvious that with further increase in the dimensions of the elementary crystallites, an¢ 
hence in the diameter of the pores, the latter may assume the nature of transport pcres, in view of their large size; ~- 


an inevitable consequence of this process would be a considerable fall in the ‘specific surface, and in the oe: 
activity. 


We thus have an 1 explanation of the fall in ondite activity as en pines of the elementary crystal-. 
lites deviate from the optimum, It is evident that the change in activity observed as the dispersity differs from 
the optimum, in either direction, should proceed smoothly, as has been found experimentally [8). 


The dependence of the micro-pore diameters on the dimensions of the elementary crystallites of which the. 
secondary particles are built up may readily be represented schematically, taking the shape of the elementary 
crystallites 2s being approximately spherical, This has been done in Fig.5, which shows that the diameter of the . 
pores increases with the diameter of the spheres, The actual crystallites are not, of course,spherical — they are 
polyhedral bodies, This does not, however, affect the general nature of the process; for an identical statistically: 
most probable mutual orientation of crystallites of a given shape packed in a secondary particle the dimensions - : 
‘of the pores will be found to be greater for crystallites of greater linear dimensions, Bearing in mind that the 
magnitude of the specific surface is basicall y determined by the dimensions of the micro-poces, the role of the 
dimensions of the a (primary) particles becomes obvious, as a _— determining the magnitude of the 
surface, 

A similar explanation of the existence of an optaiinn of dispetsity, based on purely structural considera- 
tions, is supported by the results found [10) for the dehydrogenation of HCOOH, iso-C,;H,,OH, and CsHy at nickcl 
catalysts, Over a relatively narrowinterval of optimum dispersity (20-25 A) of nickel, the activity of the catalyst 
in these three reactions is not identical, especially if we take into account differences in the temperatures of the 
reactions, It appeais that the activity at optimum dispersity of the catalyst also depends, for a given type of re- 
action (in this case, of dehydrogenation), on the size of the reacting molecules, | 


- 


We are not inclined to consider that the structural factor described by us (dependence of size of ‘micro- 
pores on the dimensions of the elernentary crystallites of which the secondary particles are made up) is the sole 
factor determining the dispersity optimum, but we believe that it plays at least as eee a role as does 


When the dimensions of the te crystallites are ond small, the micto-pores, which ate the crevices - 
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chemical supersaturation [11] or capture of micro-constituents, which passes through a maximum for a given size 
of crystallites, 


This seccnd explanation is confirmed by the very 
 {nteresting results obtained by Fricke and Diefel [12) 
is »=10 for adsorption by alumina of KH,PO, from itsaqueous 
solutions, These authors found that the ratio of adsorbed 
K' to HPO," varies according to the size of the Al,O, 


»A = 20 particles; the ratio K/HPO, increases with increase in 
Of particle size. It seems to us that this effect may be 
connected with differences inthe size of the pores of 
the specimens of Al,O, prepaced by these authors by - 


dehydration of y-AlOOH at different temperatures 
- Fig. § . : (300°, 500°, 600°, and 800°) and differences betweén 


the size of K and HPO, {ons in the solution, . ae 
Additional experiments were performed on the dehydration of n-butanol and n-pentanol at catalysts No.2 7 
and 3 (Table 7), in o:der to verify the supposivions made by us that there is a,corzelation between the size of the + 


micro-pores and the dimensions of the elementary crystaliites, en the one hand, and thé activity of the catalyst, 
onthe other. The results given in Table 7 (ml of reaction p:oducts per ml of alcohol under the same comfitions 
as for the dehydration of ethanol) are those found for n-butanol, 


The specific activity of the catalysts is about 10% lower than for destionidin of ethanol, but the ratio of 
activities of the two catalysts is about the same as before; this finding is in complete agreement with our hypotheses, 
The chief difference is that the dehyd:ogenatioa reaction is more in evidence in the case of n-butanol, -- 


Experiments conducted under sim‘lar conditions with n-pentanol showed that practically no gaseous dehy- . 
dration products were obtained with cztalyst No.1; catalyst No. 3 showed a small aczivity, which fell to zero after 
a few minutes, Both catalysts were blackened by soot formed fzom the n-pentanol, Catalyst No. 3 was slightly more - 
active at 400° ee ml of C.F, per ml of alcotol) than at 325°. Passage of n-butanol immediately after n-pentanol 
has been passed shows that dehydratior: of the former alcohol proceeds at a satisfactory speed (90 ml of C,H, per ml — 
of butanol), showing that the catalyst has retained its activity towa:ds butanol, in spite of its surface being covered 
with soot formed from the pentanol previcusly passed over it, These experiments show that the difference in the 
action of the catalysts on these two alcohols depends on the dimensions of their molecules, and fs connected with the 
size of the pores of the catalyst, The smaller molecule of buianol penetrates into the pores, whereas the pentanol. 
molecule reacts only with the exteirnal, geometrical surface of the catalyst, the negligible dimensions of which 
determine the very low activity of the catalyst in the reaction of dehydration of pentanol, Ow findings show that - 
the catalysts have a very !e:ge surface and vecy fine pores, and that a large proportion of the pores do not admit the 
larger molecules, as the mol, wt. rises, fom ethanol to pentanol, It follows further from the smaller activity of 
catalysts No, 1 and 2 than of 3 for dehyd:ation of ethanol that some of the micro-pores do not admit even these : 
relatively small molecules, A sharply defined activity threshold, corresponding with a Gaussian distribution of pore ~ 
diameters, occurs for speeneedt, whereas ethanol and n-butanol molecules coirespond with the middle part of the. 
curve, 


TABLE 7 - 


It is known that dehydration of higher alcohols 
takes place quite satisfactorily at a number of Al,0, prepae - 
tations (in particular from bauxites), This in no way con- . 
flicts with our findings, since it only shows that these cata- 
lysts possess micro-pores of large diameter, 


Total volume | Volume of products in 
of gaseous 
products, in 


Our experiments also confirm that such methods 
should be used for measuring the surface of catalysts as 
apply not to the total surface (from nitrogen adsorption) — 


but to the effective active surface, f.e., to that part of 
the which {s to the given substrate molecules, but not to the surface of the to 
which the reacting molecules have no access, 
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SUMMARY 


A study of dehydration of 1iCOOH, ethanol, n-butanol, and n-pentanol at AlOg —— prepared from 
sedimentation fractious of hydroxide leads to the following conclusions: 


“1, The activity of catalysts prepared from different hydroxide ‘fractions varies, the most active es 
catalyst No. 3, obtained from the most coarse-grained hydroxide fraction, 


2. X-Ray structural analysis shows that the catalysts are all crystalline, contiitie of y “Al, Os, with 
uniform lattice constants, and not containing any other forms of Al,Og or of its crystal hydrates; their residual 
water content appears to be in the adsorbed state, The linear dimensions of the crystallites of y-Al,0; are 
greatest (51-52 a) for catalyst No, 3, and smallest (< 35 4) for re No. S. se aco from the most highly 


3. The derivation of the oun surface hem measurements of ‘ibeaniiads of clihesil is unsatis- . 


factory, insmuch as identical values (286 sq.m. per g) were obtained for all three specimens of y-Al,0;, 


whereas data for adsorption of n-pentane show that they have different surfaces, Catalyst No. 3, the grains of 
which are made up of the largest crystallites of y-Al,O, (51 A), has a spécific surface of £64 sq. m. per g, as 
derived from n-pentane adsorption, whereas catalysts No. 1 and 2, which are mriade up of 
have a specific surface of 182 and 179 sq, m, per g., respectively,  ~_- 


4, It follows from the findings that (a) a catalyst, the grains of which are made up of larger particles, | 
has a bigger surface and a greater activity than one made up of smaller particles, and (b) the specific surface 
derived from adsorption of smaller molecules (methanol) is greater than with larger molecules of n-pentane, 


(I) The dimensions of the micro-pores of the catalysts are determined by the size of the elementary 
crystallites end by the way in which they are packed to give secondary particl es (catalyst grains), The optimum 
dimensions of the crystallites are those which when aygregated into secondary particles giver pore dimensions 


commensurate with the size of the reacting molecules, A scheme is advanced, explaining the effect of this 
struct ural factor, and also the existence of an optimum of dispersity. ’ ‘ 

(11) The estimation of the specific surface of catalysts of organic reactions from low temperature ad- © 
sorption of nitrogen molecules is unsatisfactory, in view of their smal} size, and cannot serve asacriterion  — - 


of the relative activity of different catalysts. a. 


5, The hypotheses advanced in paragraph 4 have been confirmed experimentally, for the cases of 
dehydration of substances having molecules of widely different size (HCOOH, ethanol, n-butanol, n-pentanol), 


6. The concept of effective specific surface has been introduced , intornection with the above findings, 


Received April 10, 1951 Institute of Organic Chemistry. 
Academy of Sciences USSR 


LITERATURE CITED 
(1) D. N. Vaskevich, Bull, USSR Acad, Sei., Div. Chem. Sci. 3, 325 G96), 
“IR Brill, Ergebn, d. Techn, Rontgenkunde, Il, 115, 1931, . 


4 


{3} M. M. Dubinin, "Methods Catalysts", p. 213. "Acdd.Sci. Preis, ta: 
Moscow-Leningrad, 1948. 


[4) A. V. Kiselev, tbid., p. 230. 
(5) Harries and P, Emmet, J. Phys, Coll, Chem, 53, 811 (1949). 


(6) N. N. Avgul, O. M, Dzhigit, V. P. Dreving, Ya. V. Gates, A. Vv. Kiseley, and OA Likhacheva, 
Proc. USSR Acad. Sci. 77, 77 (1951). 


[7] H. E. Ries, M. Johnson and J. Malik, J. Phys. Coll, Chem, 53, 638 (1949), 
[8] A. M. Rubinshtein, Bull, USSR Acad, Sel, Div. Chem, Sci. 4, 815 apie A. M. Rubinshtein and 


_N. A. Pribytkova, ibid,, 5, 509 (1945), 


[9) A. M, Rubinshtein, ibid., 1, 144 (1940); 6 (1949), 
(10) A. M, Rubinshtein, {bid., 1, 135 (1940), 


(11) S. Roginsky. J. Phys. Chem., 15, 6, 715 (1941); “Adsorption and Casts at Heterogeneous 
Surfaces", Pp. 24, USSR Acad.Scl.Press; iNtdscow- ~Lenjnigrad,. 1948. i 


4 . 
Rigs: 
: 
J 
3 
2 
. 

: 

. 

: 

: 
; 
$ 
7 
— 


. 


" OPTICAL ACTIVITY OF CELLULOSE TRIACETATE | 


N. M. Bazhenov and M. V. Volkenshtein 


Intramolecular —a study of opiical activity —is one of the most valuable methodsavailable . 
to us for the study of intramolecular changes and reactions, The profound ideas of the theory of the structure of 
organic compounds and of the mutval effects exerted by their constituent atoms, formulated by Butlerov and 
Markovnikov, were successfully developed by Chugaev, . who applied the study of optical activity to. the analysis 
of intramolecular reactions in complex organic substances [1], The present paper deals with the application of 
the effect of temperature on optical activity to the study of internal rotations in cellulose triacetate and in simpler 
compounds of analogous structure, 


Internal rotation a single bonds in ‘intieninle leads to a change in their configuration, The Te 
of the optical rotating power is directly dependent on the geometrical distribution of atoms in the molecule, If 
the molecule has a low degree of symmetry (axes of symmetry not mote than the second ozder) the possibility of 
internal rotations leads to the phenomenon of rotational isomezism [2], Change in temperature leads to change 
in the relative amounts of the rotational isomers in the mixture, the equilibrium constant of which is thus modi- 


Since each rotational isome: of an asymmetric molecule possesses a characteristic optical activity, the 
value found for the latter should vary with temperature, Differences in the energy of rotational isomers may be 
derived from the temperature coefficients of optical activity [3]. Only a vezy few researches on this moe have — “ 
so far been published, such as on the esters of tartaric acid [4] and on sec-butenol [5}, 


The more important properties of linear polymess are connected with pzocesses of internal rotation, Ac-. 
cording to the concepts developed by us linear polymers should be regarded as equilibrium mixtures of rotational 
isomers [6], We unfortunately know of no optically active, flexible, rubber-like polymers, The present paperis: 
devoted to a polarimetzic study of internal rotation in the highly optically active polymer cellulose meraneeene, 
This has the structure; 


CHZOAC 


The properties of the chain as a whole aze determined by the votations relatively to each other of its 
component links, rotations around C-O bonds linkirg six-membered rings, Rotations around single bonds in the 
acetyl side groups ate also possible, In order to study separately the effect of these ard of other rotations on ae 
optical activity, research was done on an analog of a single link of the chain, glucose: 


4 
4 


and of the anz log of the pair of links, «- octz-aceiy: ce 


Da: 


- 


In the fonner case rotation is possible only ia the side-chains, while in the latter rotation is additionally z ~S 


possible around the C“O boid joining’ the rings. 4 “a 


The greatest difficulty of the research consists ir reactions, which would 


also complicate the effects of temperature on optical rotation, The following relation is desivéd, on theo- 


retical between the value of rotation and the properties Sissolucion 


where [a] is - specific rotation, n is the refractive index, € is the —eane constant, ‘and Q and B are constants; 
Qand Th are termed *rotivity", 


- Since n and edepend on temperature, it follows that 2 must also bs a function of temperature +. The 
functional dependence of molecular rotivity 2, which represents optic2] rotatory power in absence of solvent 
factors, can be considered in isolation if the value of the constant B, ard the dependence of a ond-€ on ee 
ture, are known; this involves studies of substances in solvents of widely different n and €; 


Forsula (1) is not applicable to solutions in which association may take place, We vteauh triacetyl- 
cellulose for our study, since the cellulose is practically completely esterfied, as a result of which smestr: 
due to formation of hydrogen bridges arising from hydroxyl g:oups is eucertees 


EXPERIMENTAL 


The following measurements were made, in order to determine the dependence on temperature of [a], n ; 
and ein solutions of the above-mentioned substancess 


1, Rotation of the plane of polarization was measured by means of ¢ polarimeter, set up as ‘ani in Fig... 
Readings were taken with three wave lengths, 435, 589, and 656 my,. The source of light was an electric glow- 
lamp (12V and 50W), the light from which was split up into a spectrum by means of a monochromator UM-2, The 
temperature range was from —10° (in some cases, from —40°) to temperatures close to those of the boiling point of 
the solvents. Temperatures were regulated in an ultrathermostat, not varying by more than 0,1° during the period 
of the measurement, The accuracy of measurement of the angle of rotation of the plane of polarized light was 
+0,02°, The length of the polarimeter tube was 20 cm, Even flow of the thermostat liquid (water and methanol) 
over the tube was assured, Dimming of the end pieces of the tubes at low temperatures was prevented by. Suing - 
protective caps with warmed windows, passing dry ais through the caps, 


2. At the same time, in order to take into account thermal expansion of de inlined, its density was 
measured by means of a cathetometer, with an accuracy of up to the fourth plsce, 


3. In order to determine rotivity : Sor 


it is necessary to measure the refractive index at the same temperatures and wave s Jenigths, . These measurements 


were conducted with an IRF-23 refractometer, with an accuracy of 


4, Measurement of the dielectric constant € and of its temperature coefficient were ante with, on aid 


_ of the Q-meter KV-1, at a frequency of 11 megacycles, The measuring condenses, shown schematically in Fig.2, 


is connected, together with the thermometer, divectly to the efferent terminals of the Q-meter, thus greatly 
lowering the effect of scattered capacity, The temperature of all the instruments was maintained by means of 
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one aud ihe same iliathermostat, 


« 
i 
j 
: Triacesyiceilulose with an 
| UY equivaleut acetic acid ccntentof ~ 


62.5% was purified by precipitation  . 
with ethanol from filtered solutions in 
the appropriate solvent, The concen- 
tration varied according to the solvent, 
from 0,01 to 0.05 g per ml of solvent; oe 
experiment showed that specific rota- 
tion does not depend on concentra= 
tion within these limits, 
a-Penta-acetylglucose was‘ 

prepared in our laboratory by scientific 

worker Sogomonyants by acetylation of | _ 

glucose, by the standard method 

It melted at 110-111° (published m.p. 
110-113°;{aF"™ 101.6°, in chloroform), 

a-Octa-acetylcellobiose was also pre*- 
pared by Sogomonyants, by a standard 
method [9], m.p, 224-225° (published 
m,p, 225-226% [a 42.5°, in chloro= 

form), 
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Fig,1, Polarimeter scheme; UM-2) monochromator, C}).condenser; 
L) lemp: D) diaphragm; Py) tworfield polerizer; Dj) drjers T) tubes 
P3) pump; A) analyzer; UT) ulmathermostat; 
KV-1) Q-meter; Gs) condenser; INF-23) 


Expression (1) gives a linear relation between the Q of er tee 

a substance and the value of (€ —1)/( € + 2), at a given tempera- ; Fig 2. Measuring condenser, oe: 

ture, The values of Q obtained by us give a certain scatter about 

the straight line expected for the Q-( e-1)X € + 2) curve; this is ; 3 

not unnatural, if we take into account the simplifying assumptions made in the derivation of the initial formula 

(cf. [7]. Our case is one of a solution of a polar substance in polar solvents, We can, nev ertheless, consider the 

curve 2-(¢€—1)/( €+ 2) to be roughly rectilinear, and we may make use of it to determine the values of the - 

constants B and 2. We applied the method of smallest squares for selection of the most probable curve, We 


thus arrived at the values of Q, and B, as functions of temperature, The values of %, (T) found euperlsnemnany, 
: _ and calculated are given in Table 4 , ' 


All three substances exhibit a noticeable dependence of real specific rotivity Q, on temperature, which | 
cannot be referred to the action of the solvent; this is eviderce of the presence of internal rotations in these 
substances, In cider to determine the nature of these internal rotations it is necessary to compare the temperature Fes 


dependence of rotivity of trlacetylcellulose with those of the monomer and dimer, The onesie possibilities may 
exisy 
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Nitromethane 


TABLE 1. 


Optical Activity a penta- Acet ‘d-glucose 


“Solvent 
Benzene | 
| 
_Dioxan —106 
0 
20 
50 
Dichloroethane '—10 
0 
‘| 20 
60 
10 
Tetrachloroethane—10_ 
i 
1 20: 
| 50 
10 
Acetic anhydride —10 | 
0 
| 50 
| 


Temp, Q at at wave leincths | &—1 


_589_ 


40, 23, 04 510,312 
40,91 23, 11 17, 570,307 
41,19. 23, 28 690.301 
41,62 23, 52 ‘17, 86 0,291 


31,40 24,66 19,56 0,328 
31,52 24,48 :19,63 10,317 


31,72 [24.33 19.75 299 


32,70 :25,50 20, 89:0,284 


49,24:25,71 20,18 0.793 


49,66 [25.87 20,40 0,781 
50,02 26,18 20,77,0,757 
50,79 )26,70:21,44 0,720 


51.15 :26,90 21, 84 0,694 
49,20125.85 20,48 0,728 


49,35 25,98 20,54 0, "15 


49, 87/26, 31 20,79 0,686 


50,32 26, 60 21,12 ‘0. 634 
50,63 27,05 21, 38 0.603 


55 0. 10 23 0,894 


55.38 30.30 23, 49 0. 881 
55, .40. 64 0. 873 
56,14 30. 80 ‘03, 83 ‘0. 860 | 


56,46 90/23. 850 


Optical Properties of Tsiacetylcellulose 


Solvent 


of 


20 

50 

| 10 

Chlorofurm 

20 


| °C 


{10.50|-6,03'—4,61 


5.40 1.55!-0,72 0.909 
0.896 


728 


0.715 


10,00, —5.31 —4.25/0,603 
i 


—9,40 —4,93 -3,73 0.610 
'~9,63'-5,15 —3,7910.581 
“10,00;\-5,50 —4,1110,550 


0,515 


—8,18'~3,84 -2.9510.686 - 


TABLE 2 


Optical Properties of « octa-Acetylcellobiase 


Temp, Q at. wave vave lengths . 
in my . 
:435 656 


Methylenéchloride| —10 “21.99 12,18 -9,41 0,753 
. 0  22,17.12,28: 9,54 0,740 
20- 22,56 12.46. 9,77 0.716 

Dichloroethane |—10 22,83 ‘12. 30: 9,75 0,793 
0 . 22,83 ‘12. 29) 9,74 0.781 
20 22,92'12.33: 9,75 0,757 


Solvent 


50 23,06 12 9,73 0.720 
| 10 12,39: 9,72 0.694 
| 18.28 ‘10, os! 8,00 0,728 


0 ,18,29'10,02' 7,98 0,715 

20 j 18.35 10,06. 8,01 0.686 . 

18,40'10,07 1,97 0,634 

10 1,95 0.603 

Dioxen —10 18.61. 9.10 17,21:0,328°- 
0 118,79: 9,22. 7.33:0,317 

20 19.15" 9,50, 7.600.299... 

50 | 19.69: 9.86. 7.98.0,284 


70 | 20,06 10. 12 8,23 0,281 


Chloroform —10 | 21,54 5210, 610 
0 | 21,33 28 10, 45 0,581 
20 | 20,91 10, 84'10,09 0, 550° 
50 20 +3210, 9,560,515 


TABLE 


Comparison of the Values of a, Obtained Experimen- 


tally and Calculated 
Sub- | A=435 mp A =589 mp! = 656 mm 


‘Qeale.. 


| 22,20, 18,76, 18,65. 14.49) 14,60 
0; 22,95 22,95 18,85 18,95 14,71) 14.68 
20; 23,74 24 .20, 19,45: 19.45, 15,07] 15,08 
50, 25,42 25, 70 20, 01 20,01 15,44, 15,44 


- 20,28 - | 15,52 
| 


a- Pent 
acetyl- 
glucose 


acetyl- 8.41: 8.41, 3.83, 3,92. 1,38. 
cello- | 20, 8.77: 8.75, 4.87 4,65. 2,55} 2,55 
biose | 50! 9,08, 5.31, 5.38, 3,67) . 3.67 

7) - 988 | | 
. i 

acetyl- 20,33 20,42 14,54— 14,45 12,01} 12,28 
cellu- 18.88; 18.95 13.25 13,27|— 10,94} 11,12 
lose 17.47/12, 12.06) 9,96] -9,97° 


bad 


16,81 11,49)- 11.52] —9,49 9.48; 


8.23' 8,20: 3,38 .0,72| 0,60. 
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-(a) The QT) curve for vracetylcellulose is characterized by parameters which di‘fer :adicaily fiom those. 
characterizing the coriesponding curves for the monomer and dimer, In that case, the difference may be ascribed 
‘to rotations of individua! links of ihe chain; in this case he aD curves for the dimer and the monomer Gone be . ; 


(b) All tnree Q(T) curves hee parameters which differ little from ie other, In th’s case the effect of 
temperatuze is confined 10 rotation of the side acetyl groups, since there can be no question of rotation of the ae 


We attempted to describe all three curves by means of an empiric! equation of the type 


where of), of), AandE nis, determined experimentally, R is the gas, constart, and Tis temp- 
erature, The constants , A.and E are dete:mined in the following way. Let 


1+ 


Taking af) equations for four temperatures, and and we two expressions for 


é % 
ad Bye 2 


Ac (2 -( 0, - - ) 
(2,678 — — 2.0 — 07% 


We find graphically at which values of E these equations give the same value of A. We find gh?) and of) by 


_ 4 reverse substitution, The results so obtained are given in Table 5 (compare with Table ; 4). A comparison of ex- . 
perimental ard calculated values of Q for A = = 589 my: is given in Figure 3. 


' Agreement of the same order is obtained using other wave 


TABLE 5 lengths, 
Parameters Characterizing Rotivity ' hus the temperature dependence of { 4 differs little for rm 
of the Substances Studied thiee substances studied, The important constant £ has practically 


the same value in all three cases, It is of interest that the value of. 
the constant A for triacetylcellulcse is intermediate between the 
values for penta-acetylglucose and octa-acetylcellobiose, 


Triacetylcellulose 


43s| 2800 |445 ~37,06 |~14,11 Equation (2) is an empirical one, but it has a definite phys- 


589| 3000 |}~24.79 —9,42 ical significance, Let us imagine an um ure of two 
rotational isomers 1 and 2, with rotivities and af The rote 
435| 3200 |836 | 5,30 9,72 
589: 3200 /814 2,80 6.80 . where N =N, +Ng, and is the total number of molecules per unit 2 
656) 2809 |722 |-18,43 6,00 volume, N,; and N, being the number of molecules of isomers 1 and 
Mean 3100 |791 as -_ - 2, respectively, The ratio N,N, is determined by the difference in - 
e:-Penta-acetylglucose the energies E of the isomers 
435} 3000 |300 | 14,80 | 29,60: 
2800 |234 | 15,37 | 21,52. 
656; 2800 (336 11,49 16,34 z where A is the ratio of statist!cal weights of isomers 2 and 1, 


Mean | 2900 p00 - 331 


- 
; 
: 
‘ 
then - 
2 (3) 
- 
° 
A in| E — 
2. 
A 
Fox 


oe in equations (5) and (4) we cbtain Equation (2). 


- The numover of different rotational isomers of our substances must in practice be very great indeed, in view 
of the large nutnber of groups cayable of rotation present in the es. and for this reason our omgeneet equation 
has no direct theoretical significance. This is ka 2 
also indicated by the large velues-of A, 2s in 
reality the ratios of the statistical weights of 
the rotational isomers should be hundreds of : ay re +8 
times smaller, The values of E determined by _ é 

us do, however, have a physical meaning, if 
- only for giving the order of magnitude charac- 
teristic of the mean differences in the energies 
of rotational isomers, The usual value for the 
energy of rotation around single bonds is 3 kcal; 
this is the value of the potential bamrier in the 
ease of ethane, 


We have thus found that internal rota-- 


tions of the same type take place in all three 4 12 3 
substances monomer, dimcr, end polymer. 2 
These must obviously be rotations of the acetyl “wlZ = 


side cliains; we were not abie to find evidence 
for rotation of the rings relatively to each 
other, and this is in accordance with the known 
rigidity of the cellulose chain. 


TRIMAZTVIC 
a4 
yy 


It is known chat a certain freedom of 
rotation of side-chains of polymers is indicated 
by their specific electrical properties [10}, and yO 0 40 2 30 40 6b 
in other ways, Our findings show that the study. : . : 


of the dependence of optical activity on temp- 
ott rotivit with temperature for 
erature provides a new and valuable method of Fig. 8. Curves connecting y P 


-octa- , trlacetylcellulose, and a-penta-. 
investigating these important processes. Sen 


acetylglucose. 1) AE = 2800 cal/mol,; A = 234; 

We express our sincere gratitude to Zh. 37; 2 2 AE = 3000 cal/mol.; A = 500; 
S$. Sogomonyants, a scientific worker of our a? 3) AE = 2800 cal/mol.; 

laboratory, for preparing and purifying the sub- A = 234; 15. 37; Q (a 52. The curves the 
stances and solutions used in our research, equation. * AE ui 

The dependence of optical activity on RT 
temperature has been studied for triacetylcellu- l¢ Ae - 


lose, a-penta-acetylglucose, and e@-octa-acetyl- 
cellobiose, in various solvents, and over a wide 

tange of temperatures and wave lengths, It was 
found that in all three cases internal rotation of the acetyl side-chains of thc molecules took place, but seed rotation 
relative to each other of the constituent rings of the chains did not take place. 


chrcles represent experimental of 
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REAC TIONS OF ‘DIENE HYDROCARBONS WITH NITROSO- -COMPOUNDS, ADDITION OF 
BUTA-1, 3-DIENE TO NITROSOBENZENE 


Nesmeyanov and Ioffe in 1941 isolated from the dark brown tairy product of reaction of p-nitrosodimethyl- 
aniline with buta-1,3-diene a small amount of a golden yellow crystalline substance, CyHyN2, m.P. 138-139", by 
the method of chromatographic adsorption, In 1925 Nesmeyanov and Khmulev found that nitrosobenzene and buta> - 
1,3-diene, at or slightly above room temperature, give a colorless crystalline product, m.Pp. 49, 5-50°, in -. 
yield, Elementary analysis of this product gives the formulas, Cy )H,ON or CypHyON, 


I have found that buta-1,3-diene reacts smcothly with nitrosobenzene at 0°, giving a scout, Cull ON, 
m.p, 50-51°, The reaction thus consists in addition of 1 mol of buta-1,3-diene to 1 mo) of nitrosobenzene, In 
iny first experiments nitrosobenzene was left in a sealed tube with excess of butadiene for a number of days at. - | 
5-10°; until the reaction was completed, when the tubes were opened, excess butadiene was evaporated off, _ > a 
and the residue was recrystallized from light petroleum, and then from ethanol; yield of product of m,p, 50-5I°= 
66% of theoretical, When this same reaction was repeated on a larger scale, however, taking 32,1 g of nitro- 
sobenzene, the temperature of the reaction mixture rose, until the reaction ended in a violent explosion; for — 
this reason, later experiments were conducted with cooling by means of ice, The reagents were kept in a sealed © 
tube in an ice bath for a week, the tube was cpered, excess of butadiene was evaporated off, and the residue was 
steam-distilled, giving a 90% yield of addition product, Subsequent experiments were conducted at 0°, diluting 
the reagents with various solvents (ethanol, ether, chloroform), Butadiene was added to solutions of nitrosobenzene 
in the solvents at 0°, the flask was left in the ice bath for 1-2 days, the solvent was distilled off, and the residue. 
was distilled in vacuum; ihe yield of addition product was 90-95%. 


— 


The addition product is readily soluble in warm light petroleum, cyclohexane, silted, me ethanol, 


r . and in cold chicroform and acetic acid; it is practically insoluble in water, It can be steam-distilled or vacuum. . 
i distilled (b,p, 107-108°/3,5 mm) without decomposition, It is hydrolyzed when heated with dilute mineral acids 


.We could, on theoretical grounds, envisege two ways in which addition could take place, If ae reaction ” 
proceeds as a diene synthesis the preduct souls he 2-phenyl-3, 6-dihydro-ortho-oxazine 


If nesildtiine adds on at the 1,4 einen to the nitrosobenzene nitrogen atom sare product — be the 


CH. CH 
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ai 
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We know that sulfur dioxide reacts similarly with dienes, : 


. . 


The physical properties of the addition product (insol bility in water, solubility in hydrocarbons, volati~ 
lity in steam, ete) are not compatible with structure (Is), The remaining alte:native is therefore that the reace 
tion of butadiene with nitrosobcuzene proceeds accordi.:g to the diene synthesis, and that the product must be 2- 


pheny]-3, 6-dihydro-ortho-oxazine As exainination of the structure of the addition confirmed this 
supposition, 


_ Structure (I) for che addition product was s established in the following way, Reduction of the addition 
product with zine dust and acetic acid gave 4-anilincrut-2-@n-1-0l (Il), identified as the dibenzoyl derivative 
(VID (m.p. 90-91°), Acetylation of 4-anilino-but-2-en-1-ol (I) with acetic anhydride gave the diacetyl deriva- 
tive (IID, oxidation of which with potassium permanganate in acetone gave N-acetyl-N-phenyiglycine (IV). 


The catalytic hydrogenation of €-dihydio-ortho-oxazine and was 
next studied, 


CH, COCH 

2 . 
CH re) "CH OH COOK 


CH, COC,H, - 
CH OCOC gH, 
Catalytic hydrogenation of 2-pheny1-3,6-dihydro-ortho-oxazine (1) in presence of platinized charcoal gives — 
2-phenyltetrahydro-ortho-oxazine (V), which is reduced by zinc dust and acetic acid to 4-anilinobutan-1-0l (VJ. 


Catalytic reduction of 4-anilinobut-2-en-1-0l (I) should give 4-anilinobutan-l-ol (VD), but with platinized 
charcoal about 1,8 mol of hydrogen was absorbed per mol of 4-anilinobut-2-en-1-0l (I), giving a reaction product 
which boiled over a wide range of temperatures, and from which were isolated n-butanol, aniline, N-n-butylaniline, 
and 4-anilinobutan-l-ol (VD), obtained ir only 17% yield, the basic products being butanol and aniline, These are 


produced probably by hydrogenolytic fission of 4-anilinobut-2-en-i-ol at the N-allyl bond, owe aniline and but- 
‘2-en-1-0l, which is further reduced to n-butanol, ¢ 


N-n-Butylaniline is probably formed by reduction of éimaintniet to but-2-enylaniline, which is 
further reduced to N-n-butylaniline, After we had. completed our study of the product of addition of butadiene 
to nitrosobenzene a paper on the same subject was published by Wichterle [6], who, however, came to the 
mistaken conclusion that it is 3,4-oxido-N-phenylpyrrolidine (VIID. After I had published my paper [7] Wichterle 


(8} admitted that he was wrong, and that the structure of the addition product given by me as structure. (D is the 
correct one, 


The reaction of hydrogenolytic fission at the N-allyl bond has been described in the literature, Thus Klein- 


schmidt and Cope [1] found that hydrogenation in presence of palladized charcoal of crotylmethylaniline gives 7 
methylaniline, Cope, Estes, Emery, and Haven [2] found that dimethylamine is formed by hydrogenation in as 
presence of palladized norite of trans-1,2-bis-(dimethylamino)-cyclopent-G-ene, Emde and Kull [3] showed that _ 
tralkylamine hydrochlorides are given by hydrogenation of allyltrialkylammonium or cinnamyltrialkylammonium eae ie 
chlorides in presence of platinum or palladium catalysts, Howton [4] showed that trimethylamine hydrobromide _ _ 
is obtained by hydrogenation of 2-cyclohexenyluimethylammonium bromide in presence of platinum, nickel, or _ 


Palladium, A number of authors [5] have studied the reaction of catalytic debenzylation of N-benzylamines, 
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CH-Ci', 
EXPERIMENTAL 
Preparation of 2-phenyl-3,6-dihydro-ortho-oxazine 


Experiment 1. 10.7g (0.1 mole) of nitrosobenzene and 10.7 g of butad‘ene were placed in a tube which 
was cooled ‘n a mixture of sotid carbon dioxide ard ethanol, The tube was sealed ard left for 24 hours at 5-20° in a - 
water bath, The tube was shaken from time to time during the first 5 hours, and the whole of che nitosobenzene had 
passed into solution at the end of 6 hours, After 24 hours the ‘originally green sotution had become light brown, and 
light brown crystals had formed on the walls of the tube, The tube was cooled, opened, and unreacted butadiene was, . 

_ allowed to evaporate off, The residue was recrystallized fsom 30 ml of light pettoleum, the hot solution being filt- .- 
ered, leaving about 0.6 g of an insoluble, yellow, finely crystatline substance, m.p, 181-184° (decomposition). Light 
yellow crystals weze deposited by the cooled solution, and these were cetlected and washed with l'ght petroleum, . 
After two recrystatlizatons from 15 ml of et-anol a y+ of 9.0¢g of of a colorless, finely crystal~ 
line m.p, 50-51°, was obtained, 

Found %: C 74, 10: 74, 98; H 6. 69; 6. 64s N 8. 12; 8.78 
CygHysON. Calculated %: C 74.50; H 6.88; N 8.69, 


Experiment 2. A tube containing 10.7 g (0.1 mole) of nitrosobenzene ial 21, 4g of sentient was since 
in an ice bath for a week, the tube shaken every 12 hours during the first 3 days, The tube was opened after 7 ‘days, 
excess butadiene evaporated off, and the residue steam distilled, The crystalline pcoduct appearing in the distillate . 
was collected and dried in a desiccato: over H,SO,, giving 14.8 g (91% yield) of 2-phenyl-3,6- ~dihydio-ortho-oxazine, 
m.p. 49-50°, The light yellow product was recrystallized from ethanol; coiozless product, m.p. 50-51°, 


Found %: C 14.80; 74.84; H 6.83; 6.87; N 8.63; 8.61 
Calcwiated C 14.50; H 6.88; N 8.69 


Experiment 3; 28g of butadiene was introduced into a flesk containing 26.8 g (0.25 mole) of nitroso- : 
benzene, at 0°, and the flask was lef: on ice for some days, after which the solvent was distilled off, and the residue 
was vacuum distilled, giving 36.4 g (90% of theoretical) of 2-phenyl-3, b. P. at 
35 mm, affording colorless crystals, m.p. 50-51°, after rectystallization from ethanol, 


Experime nt 4, 28 g of butadiene was placed in a flask containing 26.8 g (0.25 mole) of nitrosobenzene 
in 500 ml of ether, at 0°. Two days later the ether was distilled off, and the residue was distilled in vacuum,giving 


36.5 g (91% of theoretical) of 2- “ph er yl-3, 6-dihyd: 0-0: tho-oxasine, b.p, 108-109° at 4 mm, m.p, after 
tion from ethanol 50-51°, 


Experiment 5, 110g butadiene was added to 107.1 g ‘(1 mole) nitzosobenzene ini chloroform, at 
The chloroform was distilled off after a few days at 0°, the residue distilled in vacuum, giving 154.0 g (95% of theo- 
retical) of 2-phenyl-3 18-dthyd: b.p.. 108-109° at 4 mm, m.p, 50-51°, after recrystallization from 
"Found %: C 174,32; 14.23; H 6.84; 6.87; N 8.59; 8.42 
Calculated %: C 74.50; H6,88 N8.69. 


Reduction of 2-phenyl-3,6-dihydro-orthc-oxazine with zine 
and acetic acid, to give 4-anilinobut-2-en-1-ol t 
20 g of zinc dust was added to 16.1 g (0.1 mole) of 2-phenyl-3,6-dihydro-ortho-oxzazine in 200 ml of glacial- 
acetic acid, in a 450 ml bottle, which was stoppered, and was shaken for 10 min., when a second 20 ml portion of z 
zinc dust was added, followed by shaking for another 10 min.; there was a considerable temperature rise during the’ 
first shaking, and a much sinaller one during the second. 200 ml of water, followed by 200 g sodium hydroxide, with 
cooling, were then added, and the mixture was steam distilled, collecting about 500 ml of distillate, The residue in 

the distilling flask was then filtered hot, and-the cooled filtrate was extracted with 5 successive 100 ml portions 

of benzene. The benzene exiract was washed with water®, the benzene was distilled off, and the residue was - 


* The benzene exiract should be well washed with * water,as it was noticed that thermal decomposition of 4-anilinob 
oe but-2-en-1-ol takes place du:ing its vacuum distillation if even traces of caustic alkali are pzesent,giving aniline 
: and tarry products. The following experiment was done, in view of this observation, A few ee: of fused potassium 
ee hydroxide were added to a solution of 12.5 g of 4-2nil* ‘nobyt-2-en-1- ol, b.p, 161-162°/ 4.5 mm, in 30 ml of dry ben- 
zene, the solution was filtered after 12 hours, the filtrate was distilled t6 remove benzene, and the residuc was dis- . 
tilled from a metal bath, at § mm, Erergetic decompos‘tion began when the temperature reached 155°, and a low 
b.p. distillate containing tar,was formed; frectionstion of the distillate gave 4.3 g of aniline, b.p, 69° at 10 mm; az? 
1.0193; nis 1.5860, identified as acetanilide, m.p, 113,5-114°, 341 
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fractionally distitled in vacuum, giving 13,3 g (82% of theory) of 4-anilinobut-2-en-1-0l, b.p. 151-152°/2 mm, 
1.0815; ni} 1.5867; found MR, 50.69; calculated MRp 49.44; 1,25, The product is 3 colorless, 
liquid, becomes on storage. . 


Found % C 73,56; 73.46; H 8.19; 8,13; N 8,83; 8,98 aa 
Found %: [H°) 1,11; 1.11 


1.24 


Dibenzoyl derivative of 4- anilinobut- 2-en-1-0l 
Berzoyl chloride (14.1 g; 0.1 mol) was added in 5 portions during 30 min to 4, 90 g (0,03 mol) of i. 
anilinobut-2-en~1-o] and 60 ml of 10% caustic soda, shaking vigorously after each addition, Excess of benzoyl. 
chloride was hydrolyzed by heating on the water bath, and the crystalline product was collected by filtration, 
washed with water, and dried in a desiccator over sulfuric acid, A yield of 10.5 g of dibenzoyl derivative of a 
4-anilinobut-2-en-1-0l, m.p, 87-90°, was obtained ae of theom)s the m.p, was 90-91° after 2 recrystallizations 


from ethanol, 


Found %: C 11.9); 78.01; H 5,78; 5.72; N 3.89; 3.90 a 


Diacety] derivative of 4- anilinobut-2-en-J-ol 


F A solution of 16,3 g (0.1 mol) of 4-anilinobut-2-cn-1-o] in 60 ml of acetic siete wn same under 
reflux on a boiling water bath for 3 hrs, after which acetic acid and excess of acetic anhydside were distilled 

off under reduced prezsuce (50 mm), and the residue was distilled at 1 mm, giving 23.2 g (%% of meaner ypg 

of the diacety! desivative of 4-anilinobut-2-en-1-ol, with the following constants; bp. 160-161°/ 1 mm; 


-1,1053; nf} 1.5271; found MRp 68.79; calculated MRp 68.04; EMRp | 0.75, The product was a colorless 
Found %: C 67,80; 67.82; H 6,93; 6.86; N 6,04; 6,10 . Jet 
Calculated C 63,00; H 6,93; N 5.66 


Oxidation of the diacetyl derivative of 4- to 
N-phenylglycine 


A solution of 4,7 g (0.03 mol) of potassium permanganate in 350 ml of dry acetone was added with 
constant stirring dusing 90 min to 2.47 g (0,01 mol) of the diacetyl derivative of 4-anilinobut-2-en-1-0] in 100 ml 
of dry acetone, The solution was filtered on the next day, and the deposit was washed with acetone, and extracted 
with 50 ml of water, The aqueous extract was extracted with chloroform, and was then made acid with hydro- 


chloric acid, The precipitate was collected, washed with cold water, and dried in a desiccator over sulfuric acid; is 
yield 1,20 g (62% of theory) of m.p. to 194-195° after 
from hot water, 
Found %; C 62,26; 62.22; H 5,73; 5.12; N 7.17; 1.00 ips 
CypH,,03N. Calculated %: C 62,16; H 5,74; N7,25 
A mixture of our product with N-acetyl-N-phenylglycine, m,p, 193-195*, prepared by the method of 
Bischoff and Hausdoerfer [11], melted at 193,5-195*, Published m.p, data are 190-191° [10) and 194-195° [11}, a 
Catalytic hydrogenation of 2-phenyl-3,6-~dihydro-ortho-oxazine to 2-phenyl- 
tetrahycro-ortho-oxazine 
Hydrogenation of 32.2 (0. 2 mol) of in 200 ml of cyclohexane was 
effected at room temperature and atmospheric pressure, in presence of 3 g of platinized charcoal (10% Pt), being ve 
completed in 2 hrs, when 4690 ml of hydrogen (at N.T.P.) had been adsorbed, The catalyst was filtered off, and ae 
the cyclohexane distilled off, the residue being fractionally distilled in vacuum, giving 25.4 g (18% of theory) of ._ 
. 2-phenyltetrahydro-ortho-oxazine, with the following constants; b.p, 104-105°/4 mm, 1.0593; nf§ 1.5550; 
found MRp 49,45; calculated MRp 47. 80°°; EMR, 1.65. The product was a fairly mobile 
\ 
© The value of 2,49 was taken for amide nitrogen, in calculating molecular heniies [9]. ' ae 
** Incalculating molecular refraction a value of 2,48 was taken for hydroxylamine nitrogen [12), Kleinschmidt ee 


and Cope [1] showed that display exaltation, varying from 1,09 to 1.5, 


Be 
4 
Lau 
: 
2 
. 
OREN 
. 
; 
|) 
A 
— 
: 
5 
are 
: 


Found %: C 13,4 


Calculated %o: c 13. 59; H 8, 03; 


to 4-anilinobutan-1l-ol 


of zine dust was added in four ‘portions during 20 toa solution of 16, 3 g (0. 1 of 
tetrahydro-ortho-oxazine in 200 ml of glacial acetic acid, in a bottle, which is stoppered and shaken after each 
addition, A considezable temperature rise was observed after adding the first and second portions of zinc dust, i 
but not with subsequent portions. 200 m! of water, followed by 200 g of sodium hydroxide, with cooling, were 
added to the reaction mixture, which was then steam-distilled, to remove volatile products, collecting about 
500 ml of distillate, The residue in the distilling flask was filtered hot, and the cooled filtrate was extracted 
with 5 successive portions of benzene, The benzene extract was washed with water, the benzene was distilled . 
off, and the residue was fractionally distilled in vate, giving 7.7 g (47% of theory) of 4-anflinobutan-1-0l, 
with the following constants; b.p, 154-155°/3 mm, d@” 1.0498; ny 1, 5636; found MRp 51,15; calculated MRp 
49,91; EMR 1,24, The isa viseoes colorless liquid, yelloy, on Published 
dats are; b.p, 1577/3 mm; 1, 0508; 1.5629 (8) 


Found & 72,77; 12,545 H 9.1% 9,32; N 8.503859 
Calculated C 72,69; H 9,15; 8.48 - 


4-Anilinobut-1-yl byéreges oxalate 
A solution of 0.38 g (0.003 mol) of oxalic acid itaytrate in 2.1 ml of ctundl is added to 0. 1.5 gs 
(0.003 mol) of 4-anilincbutan-1-0l, and the salt separating is collected and washed with ethanol; yield, 0,61 g 
of acid oxalate, colorless needles, m.p, 124,5-125° m,p, 124, 8-125° 
H 6,71; N5.49 


Found 
CygHj705N. Calculated %; C 56,46; 


Catalyiic hydrogenation of. 4-anilinobut-2-en-1-ol 


Four experimeuts on the catalytic hydrogenation of 4-anilinobut-2-en-1-0l at rcom temperature and ordinary 


pressure were performed, with platinized charcoal catalyst, For each experiment 8,16 g (0.05 mol) of 4-anilino- 


but-2-cn-1-0l in 70 ml of ether, and 2 g of wariined charcoal (5% Pt) were taken; the results obtained are given 


in the Table, 
TABLE 


a was distilled off, and the residue was fractionally distilled, 
hydrogen 
absorbed, 


0°/760 mam) 


Duration of 
experiment 


(4) 4-anilinobutan-1-0l, 


(a) n-Butanol (4. 712 g) hac the following: constants: ho. 116,5- 
117.5°/742 mm; 0,8099; n 1.4008, Published values are: b.p,_ 


mm, and 3,4 g of a-naphthyl isocyanate was heated until reaction 
. commenced, and was then left until the next day, The siete 
naphthylurethane was twice recrystallized from n-heptane, when it melted at 70,5-71,5°, 


Found %; C 14,07; 74,10; H 7.04; 7.02; N 5.68; 5.84 ; - 
. Calculated "C 14,05; H 1,04; N5.76 - 


The mixed m, P. with n-butyl-c-naphthylurethane prepared from a known sample of pure n-butanol was 
10,5-71, 5°; published are 71-72° [14] and 70° 15} 


(b) Aniline (8.71 had the following congants; b,p, 184-185°/750 mm; 1.0175; nb 
values, b.p, 184,4°/760 mm; 1,022; 1,5863 [13], Acetanilide, m.p. 113-114, was prepared for further 
identification, 


9; 73 3.483 H 8,04; 8, 15; N 8,71; 8.73 


Reduction of 2- -phenyltetrahydro-ortho-oxazine by zine 


The ee, from all 4 experiments weze united, the ether... 
giving the 
followng products; (2) n-butanol, (b) aniline, (c) N-n-butylaniline, and 


1 3 hrs,45 min} 1990. 20 
3 * 30 1985:, 117,7°/76C mm; dq” 0,810; Np 1.3993 (13), 
3 1955"  n-Butanol was further identified by preparing t the ‘e-naphthyl- 
4 |.3°°°30 *] 1985 urethane, A mixture of 1.6 g of the fraction, b,p, 116,5-117.5°/142 . 


1,58417,; published 
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(c) N-n-Butylaniline (2,53 g) had the following physical constants; hs p. 95-96°/4, 5 mm; ra 0. 9394; 
np 1.5393; found MRp 49.78; calculated MRp 48.38; i EMRp 1,40, Published values are: oa 115-120°/15 mm; 
0.9358; nf} 1.5381; b.p, 112-114°/9 mm; 0, 9362; nj§ 1.5373 [16). 


N-n-Butylbenzanilide was prepared f:om 2,0 g of the fraction of b.p, 95-96°/4.5 mm and 2.8 g of benzoyl 
chloride, with 15 ml of 10) caustic soda solution, The crystalline product was dissolved in ether, and the solution 
was washed successively with water, 5% hydrochloric acid, 5% caustic soda, and water, and dried with anhydrous 
sodium sulfate, The ether was then distilled off, siving 3.2 g of a yenenes, which melted at 49-51" 
after two recrystallizations from n-heptane, ~~ 


. 


The mixed m,p, with known m.P. 53-54", was 49-51.5°, Published. m.p. are 55° 
(17) and 47-48° (18), 


(d) 4-Anilinobutan-1-ol (5.70 g) had the following constants; b.p. mm; 1,049; 
1.5638; found MRp 51.20; calculated MRp 49,91; EMRp 1.29, | 
Found %:N 8.46; 8.66 4S 


It was identified as the acid oxalate, A solution of 1,26 g of oxalic acid dihydrate in Imi of otal was 
added to.1.65 g of the fraction of b.p, 147-148°/1.5 nm, io give 2,18 g of acid oxalate, which was collected and 
washed with ethanol, It melted at 124,5-125° (decomposition) after pieaatersreseaats from methanol, 


Cy:H,70;N. Calculated %; N 5,49 
The m,p, was not changed by mixing with 4-anilinobst-1-y) hydrogen oxalate obtained by reduction of 2+ 
pheny1-3,6-dihydro-ortho-oxazine with zinc dust and acetic acid, 


I would like, in conclusion, to express my deep indebtedness to A. N. eeiialinte for advising me to 
study the reaction of diene hydrocarbons with nitrosobenzene, for his vatailing interest in my wotk, one his 
valuable advice on its execution. . 


1, The reaction between nitrosobenzene and buta-1, S-diene has been studied, 


2. Addition takes place wena to the diene synthesis, with formation of sania G-dihydro-ortho~ 
oxazine, 
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amine or its derivatives, A study cf this reaction showed that it was very convenient to combine cyclization - 


" ‘chioric or chloric acid in benzene or dioxan solution, in sealed glass tubes at 100°, The quaternary sals- ~ ~* 


STUDIES OF QUINOLINE DERIVATIVES 


PART L N-ARYL QUATERNARY SALTS OF QUINOLINE DERIVATIVES 


be 


G. T. Pilyugin 


Quaternary salts of heterocyclic based with an alkyl or alkyl-azomatic radical attached to the cyclic . 
nitrogen atom are ‘usually prepared by heating the appzopriate baces with alkyl halides, sulfates, or aryle  - 
sulfonates, N-Aryl salts cannot, however, be prepared by this genera? method, since aryl halides or 
sulfonates do. not give quaterna:y saits hee heated wich heterocyclic bases, in view of their low ‘mutual 
reactivity. This was one of the reaso7s for the absence from the litezature of such quaternary salts and of 
their derivatives with aryl radicats ettached to the cyclic N atom, Herein, too, Mes the difficulty ofsyn- - . 
thesizing N-aryl cyanine dyes of d‘ffezent classes, for which quaternary salts are the basic products, ; 


Kiprianov, Ushenko, and Asnina obtained N-aryl quaternary alts from thiazole derivatives, and ont 
them for the cyanine condensation [1], Literature references to N-atyl quatesnazy salts prepared from pyrrole 
and indolenize derivatives, which a:e converted into pyzrolo- and indo-cyanines, are to be found 2}. Yet, 
although heterocyclic compounds contzining the quinoline nucleus are among the most commonly encountered 
of heterocyclic compounds, the N-acyl quaternezy salts of quinoiine derivatives and their divezse wansformations 
have not been studied at all by ozgan‘c chemists, For this reason the prepara tion and study of such salts are. of oe 
considerable theoretical and pract‘cal importance, 


We have elaborated a gerecai metod for the p:eparation of N-aryl and Nally! quaternary salts of 
quinoline derivatives, In view of te napplicability of the usual method, the method depended on the presence 
of the appzopriate aryl or alkyl radica! attached to the N atom of the original substance used for synthesis of the 
heterocycle, These starting substarces were secondary azylamines, in which the imino hydzogen {s relatively very 
mobile, 


Secondary arylamines and were conden nsed with pataldehyde or acetaldehyde acid solu= 
tion to give N-arylquinoline derivai ves (see formulas below). 


Thus, for example, the aryl halide salts cf quinaldine and its derivatives were obtained from diphenyle' es 


with conversion of the bite so obiaized into its quaternary salt, both for thefz subsequent application to = 
cyanine condensation and for Preparation of quinolines and 


“NH-HCL (CH;CHO)s. j 


- 


+ 


The quaternary salts were prepared by heating the secondary arylamines with paraldehyde and hydro- 


obtained were prepared and examined by standard methods, They had definite m,p., and they readily under 
went the cyanine condensation, leavirg no doubt as to their puri ty -_ sttucture, The arylquinolinium salts 
obtained are shown in the Table, 


Condensation, to give N-aryl quate:nary salts, was found to occur in presence of chioric atl which not. e 
_ only serves as a condensing agent, but also forms th 1e eeevay insoluble perchlorate, It was found that attachment — = 
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p-Tolyl- c-naphthylamins 


4-Methyldiphenylamine 


4,4°-Dimethyldiphenylamine 


0-Tolyl-a-naphthylamine 


. 


1 


159-160! 10,0 


164-158] 26,0 


199-200'22,0 


174-175; 16.0 


Initia] amine Formula of the quaternary salt obtained | M.p. °C} Yield, % a 
CH; 
| \ + . 
- 
“hs 
CH, 


TABLE (Continued) 


Initial amine 


Pheny]-& naphthylamine 


o-Tolyl-8-naphthylamine 173-174 18.6 
i 


. 


200-203' 23, 0 


Py 


of an aryl radical to the viidoieattie nitrogen activates an a-methyl group, as was shown by the ease with which 
cyanine condensation of trinuclear quaternary cyanine salts of halogen acids, but not of sulfonic acids, took place, 
on the one hand, and by the fact that the quinocyanine condensation proceeds with orthoacetic ester, which is Nat. 
the case with N-alkyl quaternary salts, 
The reactivity of a-methyl groups is thus much greater when an aryl radical fs anechel to the cyclic 
nitrogen atom than ‘with an alkyl radical; this difference is dve to modified electronic equilibria in that part 
of the molecule, which also lead to other changes in the properties of the quaternary salts and of the derived e: 
dyes, Thus, salts have m.p. and bighes solubilities than do the corresponding 
salts, : 


The secondary arylamines omiuaad by us with sashitlints may yield only a single product, when they 
have symmetrical molecules (a), or there fs an equal probability of forming two products, when the amine = -: 
(bjs: 


e- 


Forinula of the quatemary salt obtained | °C! Yield, 
— 
B,B*-Dinaphthylamine 
sy 
5 He 
| 


NH 


The formation of a third product is possible, athens highly improbable, when the afisymmet trical amine 


The low probability of this cyclization follows from the eiinditinniis of single bonds iiaiae the 5,B- - 
atoms of the naphthalene ring, and of double bonds between the a- and B-atoms, as is indicated by numerous 
known experimental examples, Thus coupling of B-naphthol with diazonium salts takes place exclusively in the 
a-position, and in the condensation of 6 -naphthylamine with glycerol the quinoline ring is always closed at the 
@-atom, and neve, at the B-carbon atom, In case (b) the quantitative course of the cyclization reaction. — 
_ hot only on the reactivity of the given radicals, but also on the conditions of cyclization, 


Under the fairly uniform conditions in which we conducted the reaction only in two cases did we dsm 
formation of isomeric quaternary salts from dissymmetric amines, to any appreciable extent, Thus 4-methyl- 
diphenylamine may undergo cyclization in the following ways; ~ 
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From the theoretical point of view, the probability of formation of quaternary salt of N-phenyl-6-. 
methylquinaidine is the greater one, since the electron donor methyl group substituted in the benzene ring 
should activate it, We did not, in fact, observe, under our experimental conditions, the less probable case 
of cyclization with production of N-p-tolylquinaldine, This is confirmed by the fact that the product is a 
single substance, and by the absorption maximum at 620 muy of the dye prepared from it, Otherwise the - 
abscrption maximum of the dye would tend towards a limitirg value of 614 my (absorption maximum of a 
dye with a N-phenyl group); in all probability it would deviate from this value towards the ultraviolet end of 
the spectrum, as a result of the greater basicity of the p-tolyl than of the phenyl group. 


Condensation of p-tolyl-a-naph sthylamine may two of 


+ HC10, 


NH 
Bs 
CH, 


_ Here, for the same reasons, we may expect that apiiteiitttie will take ‘nies according to the second 
variant, with formation of quaternary salt of N-(a-naphthyl)-6-inethylquinaldine, The product is a single sub- .< - 
stance, yielding a carbocyanine with an absorption maximum at 625 mp, whereas with cyclization in the other © 


direction the absorption maximum of the derived dye would exceed that of the known carbocyanine 


F 
: CH.CHO)., + HCl ‘ 
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wert 
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of 634 imp [3]. There can be no doubt that a similar dyc not containing a N-p-tolyl group would have an 
absorption maximum shifted still further towards the red end of the spectrum, which is not in fact the case, 
We similarly established that cordcasation takes place in wue direction only with phenyl-a-naphthylamine 


(CH,CHO), + HCIO, 


.as is shown by the preparation from it of a ‘quinocasbocyanine with an aksorption maximum at 618 mp, 


Two isomeric products were given by o-tolyl-a-naphithy lamine and o-tolyl-8 -naphthylamine 


(a) 
Hy 
 (CH,CHO), + HCI, 
NH 
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‘hot, The filtrate was evaporated until an oily surface film appeared, when it was left overnight and filtered in - 


.The main reaction products were quate:nary salts with: sroups., The green 


642 my. 


(b) bis-[N-o- tolyl-5,6- -benzoguinoline{2)}-imethinecyanine perchlorate ~ absorption ma ximum 644 my. 


The isomeric quaternary salts with N-a-or hs -naphthyl radicals were obtained in small yields only, They 
gave positive reactions for formatioa of blue quinoca:bocyanines, which are being studied by us, Thus the 
quaternary salts with N-aryl groups, derivatives of quinaldine, have so far been introduced {nto the cyanine con- 
densation only,, for the purpose of Prepaténg, sensitizing dyes, 


N- Phenylquinaldine perchlorate. ‘4 g of diphenylamine hydrockto: ide was heated at 80-110" | 
with 2 g of paraldehyde in dioxan, in a sealed tube, The semi-solid, tacky product was washed with ether, and . 
was taken without further purification for cyanine condensation with orthoformic acid, which proceeded snseditel 
This condensation product was extracted repeatedly with boiling ethanol, and the extract was evaporated to. dryness, 
leaving a dark-colored, sticky residue, which was washed 2-3 times with ether, and dissolved in a small volume of 
ethanol, The quaternary salt was precipitated from this solution by adding a saturated solution of potassium per 
chlosate,’ The light brown precipitate was filtered off, and the filttate was evaporated on the water bath until drops — 
of oil formed, when it was cooled and filtered the quaternary. salt collected. was recrystallized from water N- 
Phenyl-~quinaldine crystallizes in needles, m.p, 159-160°, of a faint yellow color, It fs readily soluble in ethanol . 
and in tiot water, and is spazingly soluble in cold water, ‘The yield is 10% of theoretical, 


Found %: Cl11,98: 
Calculated % 708 cl 11,50 


N-Phenyl-6- ~-methylquinaldine perchlorate. 3,3 g of 4-methyldiphenylamine, 2,5 ml of 
benzene, 1.5. 1.5 ml of 35% chloric > acid, and 1,§ ml of paraldehyde were heated in a sealed tube for 10 hrs at 
100°, givirg a thick, dark red liquid, The product was washed with a few portions of ether, and was dissolved. 
in a small volume of ethanol, from which it crystallized out, a from ethanol gave 1,35 2 (25% 
of of light orafige, finely crystalline product, m,p. 154-155", 


-(p- tol yl) -6-methylquinaldine 2 g of 4 ,4!-dimethy]-diphenylamine, 
of benzene, 2 ml of 35% chloric acid, and 1,4 ml of paraldehyde (added at 0°) were heated at 100° for 15 hrs in 
a sealed tube; the use of more corcenteated chloric acid led to formation of tarry products, Shortening the 
reaction time lowers the yield of quaternary salt, whereas prolonging it leads to deterioration in the quality of - 
the salt, and renders its purification difficult, The reaction Product, which was a viscous, dark red liquid, was , 
washed with small portions of ether, until the ether ceased to be colored, and the residue was dissolved in a small 
volume of ethanol, from which the salt crystallized, The salt was washed with alcohol and ether, and. recrystal- 
lized from went, giving 0.55 g (16% of th coretical) of colorless finely crystalline salt, m.p, 193-194°, ‘ 


Calculated C1 10, 33 


fodide, 2g p-tolyl{a-naphthyl)-2mine, 2 ml of 
benzene, 1 ml of hydrochloric acid, and 1,5 ml of paraldehyde were heated in a sealed tube for 10 brs at 100° 
giving a dark red viscous oil, which solidified after extraction with ether, The product was repeatedly extracted ; 
with boiling ethanol, until the extract became colorless, The hot extract was filtered and evaporated down to 
small volume, when 4 ml of saturated potassium iodide solution was addcd, the solution was boiled, and filtered 


the morning, The yellow crystalline product (yield 22% of theory) melts at 199-200° er 


x 
age 


353 - 


(a) perchlorate-— absorption maximum in ethanol 
eer. i 
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f N-(o-tolyl)-7,8-benzoquinaldine perchlorate, A mixture of 3.8 g of o-tolyl-a-naphthyl- 
amine, 2.2 g of paraldehyde, 1.5 nil of hyd-achloric acid (d 1,19) and 4 ml of benzene in a sealed tube was 
cooled strongly, shaken vigorously, and heated in a boiling waterbath for § hrs, The product was a gelatinous, 
bordeaux-colored mass, which was extrected with ether until the extracts became colorless; the residue was 
then a yellow powder, This powder was extracted repeatedly with boiling ethanol, the extract was evaporated 
down to small volume, and saturated aqueous potassium perchlorate was added, to give a salt which melted at 
173-114", after recrystallization from aqueous ethanol; yield 15% of theoretical, 


Found %: C1 9,16 
Calculated %: C1 9,37 


N-a -naphthylquinaldine perchlorate, 2g of N-a-naphthylaniline, 1,3 ml of paraldehyde, 
0.5 ml of 38% chloric acid, and 2 ml of benzene were heated at 100° for 10 hrs, in a sealed tube, The dark 
ted product was extracted with ether, when it became solid, and was recrystallized from ethanol, giving a 


4 finely crystalline powder, which was collected, washed with ether, and —- from, aqueous ethanol, ” ray af 
1.8 8 (25 % of theoretical) of salt, m.p. 220° : 


N-(0o- tolyl)-5,6-benzoquinaldine todid«, A mixture of 3.4 g of o-tolyl- B-naphthylamine, 
_ 1,9 g of paraldehyde, 1,4 g of hydrochloric acid (d 1.1$), and 2 ml of benzene was heated at 100° for 16 hrs, 
in a sealed tube, The solid product was repeatedly extracted with ether, and then dissolved in 10 ml of boiling 
ethanol, Saturated acucous potassium iodide was added 10 the solution, from which the quaternary salt separated 
on cooling, It was collected, washed with ether, dried, and recrystallized from aqueous ethanol, giving 1,1 g 
(18.€% of theoretical) of a yellowish, finely crystalline produci, m.p, 173°, 


Found %; I 31,40 
Calculated %: I 31.95 


N-6 rnaphthy]-5,6-benzoquinaldine lodide. A mixture of 3 g of 6,6*-dinaphthylamine, 

_ 1.6 g of paraldehyde, 1 ml 1 ml of hydrochloric acid ¢d 1,19), and 3 ml of benzene was heated at 100° for 8 hrs, in 

a sealed tube, The dark red, viscous, oily product was repeatedly extracted with ether, until the extracts became 
colorless, The bordeaux;colored, semi-solid residue, which consists chiefiy of quaternary salt is extracted 2-3 

times with small portions of hot ethanol, and 4 ml of saturated aqueous potassium iodide was added to the dark 

red extract, giving a light brown precipitate of quaternary salt, which is collected, washed with ether, and dried 
at 110°; yield of crude salt 70% of theory, The salt gave the cyanine condéasation reaction, from 
aqueous ethanol gave 1.6 g (32% of theory) of pale re ee = m,p, 200-203°, 


Found %; I 28,10 
CoHygNI. Calculated %: 1 28,35 


1, Condensation of secondary arylamines with paraldehyde gives a series of tent substituted quinolines, 


2, Eight quaternary N-arylquinclinium salts have been prepared and described, in which the ne : 
radical is phenyl, o-toly], p-tolyl, and B-naphthyl, 


_ Received June 23, 1951 of Sciences USSR 
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REACTIONS OF DIENE HYDROCARBONS WITH NITROSO-COMPOUNDS 


REACTION OF BUTA-1 ,3-DIENE, 2 AND CYCLOHEXA-1, wae 1-CHLORO- 


Yu. A. Arbuzov and A. Markovskays 
Wichterle [1) found in 1947 that buta-1,3-diene reacts with 2-chloro-2-nitrosopropane in benzene, in 
presence of ethanol, to give a crystalline product, C,H,ONCI, m.p, 153°, The product obtained in absence . 
of ethanol is a tarry substance, insoluble in benzene, which was converted into the above substance, m.p, 
153°, by treatment with a small amount of water or ethanol, The same product is obtained from buta-1,3- 
diene and 1-chloro-1-nitrosocyclohexane in benzene and ethanol as with 2-chloro-2-nitrosopropane, By the 
action of alkali on an aqueous solution of the substance of m.p, 153° Wichterle obtained a liquid product, 


b.p, 50-52°/20 mm, which he supposed to be 3 ae of which the substance of m.p. 153° was Tee ante 
the hydrochloride, 


Wichterle explained the formation of this hydrochloride in the following wey. The first ii of “leg 
the reaction between butadiene and 2-chloro-2-nitrosopropane is the N-oxide (I), which undergoes transforma- 
tion into a 3,4-oxidopyrrolidine derivative (II), which is a chloride of the pseudo-base, Compound (II) under= . 
gocs further rearrangement to the quaternary salt (III), which then undergoes hydrolysis or é nspeces to give 
3,4-oxidopyzrolidine hydrochloride (IV): 


| 

(Iv) 
; It has been shown (2-5) that diene hydrocarbons react with aromatic nitroso-compounds —— to me a 
diene synthesis, with formation of 3,6-dihydro-ortho-oxazine derivatives, 
It was rezsonable to suppose that the reaction of buta-1,3-diene with chloronitroso-compounds should also oS oe 
proceed according to the diene synthesis with formation of the N-derivative of 3,6-dihydro-ortho-oxazine (V), a 
which then undergoes hydiolysis (or alcoholysis), with formaticn of 3,6-cihydro-ortho-oxazine hydrochloride (VI). —— 
Wichterle*s base, b,p, 50-52°/20 mm, should thus have the structure of 3,6-dihydro-ortho-oxazine (VIZ). 

c + c 

| 

Confirmation of the correctness of structure (VII) for the base was provided in 1949 by Finkel 

shtein, Atbuzov, and Shorygin [6], who showed that the Raman spectrum of this base (b.p. 50 .5°/19 mm; ai? ae . 
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1,0714; n D 1.4893) contained 2 frequency corresponding toa C=C bond, with an intensity characteristic of 
an isolated C«C bond, In 1950 Wici:terle and Novak [7] published a paper in which they admitted the cor- 
rectness of Yu, A. Arbuzov's 3,6-dihydro-ortho-oxazine structure (VII) for the base C,H;ON, 


The present paper describes the results of a study of the reactions between buta-1,3-diene, 2,3-dimethyl- 
puta-1,3-diene, and cyclohexa-1,3-diene with 1-chloro-1-nitrosocyclohexane in ethereal solution, in presence of 
ethanol, Buta-1,3-<diene and 1-chloro-1-nitrosocyclohexane gave 3,6-dihydro-ortho-oxazine hydrochloride (VI), 
from which 3,6-dihydro-ortho-oxazine (VII) was obtained; a.number of its derivatives was: prepared for its 
identification, such as the methiodide of 2-methyl-3,6-dihydro-ortho-oxazine (VIII), from methyl fodide and 


3,6-dihydro-ortho-oxazine (VII ), and the 3 y5-dinitrobenzoyl and 2,4-dinitrophenyl derivatives and the me: 
by standard methods, 


and 2 4 ‘s-dimethyl-3, 6-dihydro-ortho- 
oxazine hydrochloride, from which the free base (IX) is epee its Picrate and 3,5-dinitobenzoate are 


: 
(X) 


and cyclohexa-1,3-diene afford 3,6-endoethyleno-3, 
oxazine hydrechloride, from which the free base (X), 2 colorless, waxy substance, was obtained, as wa as 
its cqgeteliine picrate and benzoy] and 3,5-dinitrobenzoy] derivatives, 


EXPERIMENTAL 


3,6-Dihydro-ortho-oxazine hydrochloride, 62 g of buta-1,3-diene was added to a solutionof 
59.0¢ (0.4 mol) of 1-chloro-1-nitrosocyclohexane in 150 ml of ether and 58 ml of ethanol, at 0°, Colorless 
needle-shaped crystals began to separate within 30 minutes. The flask was left for 3 days at 0°, during which 
time the color of the solution changed fiom blue-violet to light brown, The crystalline deposit was collected 
and washed with absolute ether, giving 35,2 g (72.4% of theoretical) of hydrochloride, m,p, 149-151° (decom 
position), rising to 151-152° (decomposition) after recrystallization from absolute ethanel, 


Found %: Cl 29,11; 29,24 
C,H,ONCI, Calculated %: Cl 29,17 


3,6-Dihydro-ortho-oxazine. 45g of caustic potash was added gradually, cooling at0*,toa 
; solution of 48.6 ¢ (0.4 mol) of 3,6-dihydro-ortho-oxazine hydrochloride in 40 ml of water, the potassium 

chloride forming was filtered off, and the filtrate was thrice extracted with ether, The combined ethereal 

extracts were dried with fused potassium hydroxide, and the ether was distilled off, giving 30.9 g (90.9%) of 

a colorless mobile liquid having the following constants; b, 50, mm; 

1.0702; nf} 1.4891; found MRp 22,95; calculated MRp 23.23, 


= eos ‘ Foynd %&; C 56,37; 56,28; H 8,27; 8,29; N 16, 30; 16, 31 
Calculated %: C 56,45; H8,29; N 16,46 


The picrate of 3 ,6-dihydro-ortho-oxazine crystallizes from water as long en mp 
164° (decomposition), 


7 bicarbonate, and 5 ml of methyl iodide were added to 1,22 g (0,01 mol) of 3,6-dil:ydro-ortho-oxazine hydrochloride, - 
ft and the mixture was boiled under reflux-for 2! hrs,, and was filtered hot, Platelets of 2-methyl-3,6-dihydro-ortho- 
i oxazine methiodide, m,p, 132,5-133° (decomposition) after recrystallization from methanol, separated from the 
filtrate on cooling, in 83% yield (2.0 g), The m.p. given by Wichierle and Novak [7} is 133° uo paceman 


Found %¢ 152,87; 52,91 
Calculated %; 152,65 
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2-(3*,5*-dinitrobenzoy 1)-3,6-dihydro-ortho-oxazine, A mixture of 0,61¢(0.005 mol) ~- 
of 3,6-dihydzo-ortho-oxazine hydrochloride, 1.15 g (0,005 mol) of 3,5-dinitrobenzoyl chloride, and 2 ml of dry _ 
pyridine was heated at 100° for 10 min, cooled, and treated with 3 N hydrochloric acid, The precipitate was hi 
collected, washed with 5% hydrochloric acid, 2% aqueous sodium carbonate, and water, — and 1ecry- 
_ stallized from methanol, giving 0.61 g (43.6%) of faint yellow crystals, m.p, 142,5°, ; 2 


Found C 47.38; 47.42; H 3,40; 3,345 N 14,92; 14,96 
Calculated Je C 47,323 H3,255 N15.05 


2-(2*,4*-dinitrophenyl)-3,6-dihydro-ortho-oxazine, A mixture of 0,43 g (0,005 mol) 
of 3,6-dihydro-ortho-oxazine, 1,01 g (0,005 mol) of chloro-2,4-dinitrobenzene, 0,6 g of anhydrous potassium 
acetate, and 10 ml of absolute alcohol were heated at 100° under reflux for 2 hrs and 20 ml of water was. added 
to the cooled mixture, The precipitate was collected, washed with water, and recrystallized from acetone, 
giving 0,66 g (52.4%) of large yellow crystals, m,p, 142, . (decomposition), 


Found N 16,425 16,39 


4,5-Dimethyl-3,6- dihydro o-ortho-oxazine ey 22,2 g (0.27 mol) of 2,3- 
dimethylbuta~1,3-diene was added to a solution of 36,9 g (0,25 mol) of 1-chloro-1-nitrosocyclohexane in 90 ml 
of ether and 33 ml of ethanol az 0°, and the mixture was kept at 0° for 12 hrs and at zoom temperature for 
3 days, during which time its color changed from blue-violet to green, The crystalline deposit was collected - 


and washed with ether; yield 13.0 (34.8%), m.P. after from absolute 
alcohol, 


Found %g C 48.00; 41,90; H 8.16; 8.29; N 9,275 9 22 al 24,215 24,32 
CgH,ONCl, Calculated C 48,16; H8,093 N 9 363° Cl 23,70 


4,5-Dimethy1l-3,6- -dihydro-ortho-oxazine, — 11.2 g of caustic potash was added gradually, 
with cooling, to a solution of 15,0 g (0,1 7:71) of 4,5-dimethy!-3,6-dihydro-ortho-oxazine hydrochloride in 10 ml 
of water at 0°, the potassium chloride forming was filtered off, the filtrate was extracted with ether, and the - 
ether extract was dried with anhydrous sodium sulfate, It contained 8,1 g s*. To yield) of 4,5-dimethyl-3,6-. 
dihydro-ortho-oxazine, a colorless mobile 83,5-84°/20 mm; 1.00275 1.4863; found 
32,42; calculated des, 32,46, 

Found %: C 63.27; 63. 26; H 9.88; 9.82; N 12.57; 12,51 
C,HyON. Calculated %: C 63.68; H 9.80; N 12.383 

The picrate of 4,5-dimethyl-3 ,6- -ortho- oxazine melted at 169-170° (decomposition), after 
recrystallization from water, 

Found %: N 16.30; 16.34. C12HI40,Ny Calculated %: N 16,37. 


2-(3'15"-dinitrobenzoyl)-4,5- -dimeth yl-3,6- A of 
0.58 g (0,0025 mol) of 3,5-dinitrobenzoyl chloride, 0, 37 (0, (0.0025 mol) of 4,5-dimethyl-3,6-dihydro-ortho- 


oxazine hydrochloride, ard 1 ml of 0.5¢ (64.97%) of this 168,5°, after Tecrystal- 
lization from methanol, 


Found C 50,86; 13,68 
Calculated Jos C 50,81; H4,26; N 13,68 


3,6-endoethyleno-3,6-dihydro-ortho-oxazine hydrochloride. 4,0g (0,05 mol) of 
cyclohexa-i,3-diene is added, cooling in ice, to a solution of 6,64 g (0,045 mol) of 1-chloro-1-nitroso-cyclo-- 
hexane in 16 ml of ether and 6 ml of ethanol, The mixture was left on ice for 30 min, by which time a con- 
siderable amount of crystalline product had formed, and it was then kept at room temperature for 6 hrs, and 


filtered, The crystalline product was recrystallize ed from ethanol, giving 5,91 g (89.0%) of the salt, m.p, 147+ 
147.9 


7 Found C 48,85; 48,65 H 7.01; 7.175 N 9.59 9,56; Cl 23,97: 23,75 
CeHyONCl, Calculated C 48,82; H 6,83; N 9,495 Cl 24,02 


3,6-endoethyleno-3,6-dihydro-ortho-oxazine, 5,4 g of caustic potash was added gradually, : 
with cooling, to a solution of 10.0 g (0.068 mol) of 3,6-endoethyleno-8,6-dihydro-ortho-oxazine hydrochloride in 
6 ml of water, the precipitate of potassium chloride was filtered off, and the filtrate was extracted three times with 
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recrystallization from water, 


ether, the ethereal extract was dried with anhydrous sodium sulfate, and the ether was distilled off in vacuum, 
leaving a white waxy residue, This was recrystallized from cyclohexane, giving 6,60 g (87.7%) of white, 


Found C 64,56; 64,62; H.8,22; 8,52 
CgH,ON. Calculated %: C 64.84; H 8,16 


The picrate of 3,6-endoethyleno-3, melted at 147, 5-148" after 


.2-Benzoyl-3,6- -endoethyleno-3, 6-dihydro-ortho-oxazine, 2,1 (0. 01 ‘mot) 
- chloride was added in three portions, with violent shaking, to a mixture of 1,11 g (0,01 mol) of 3,6-endoethyleno- 


3 »6-dihydro-ortho-oxazine in 10 ml of 10% aqueous caustic soda, the precipitate was dissolved in ether, the ex- 
_ tract was washed successively with water, 5% aqueous caustic soda, 3% hydrochloric acid, and water, the ether 
was distiiled off, and the residue was recrystallized from ethanol, giving 1,55 g (72.1%)of yeadect, m.p, 109°, . 


Found %: C 72,27; 72.34; H 6,32; 6,44; N 6,61; 6,77 
Calculated C 12.54; H 6,09; N 6.51 


2-(3°, 5*-dinitrobenz oyl)-3,6-endocthyleno-3,6-dih dro-ortho-oxazine. 0.37 
0 0025 mol) of 3,6-endoethyleno-3,6-dikydro-ortho-oxazine hydrochloride, 0,58 g (0.0025 mol), of 3,5-dinitro- 
‘benzoyl chloride, and 1 ml of dry pyridine, - gave a product melting at 166, 5-167 mech it after 
recrystallization from methanol; yield 0.64 g (84.2%). 


Found %j: C 51.15; 51,12; H 3.81; 3.87; N 13,95; 14.10 ‘ 
Cy3HyO,Ny. Calculated %; C 51,15; H 3,63; N 13.77 Z 
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«(Crh DISTRIBUTION OF #-ELECTRON DENSITY AND INTERATOMIC DISTANCES, 2 
4 In my first paper on this subject [1] the basic principles of the — of r-electron distribution were * < 
; presented, equations were derived for the calculation of interatomic distances and m-electron charges of bonds, e 
* and, on the example of CC and CH bonds in unsaturated and aromatic hydrocarbons, the advantages of the pro- ee 
posed method over other ones explaining experimental data relating to interatomic distances in these compounds, om 
were pointed out, The present paper, which is a direct continuation of the former one, extends the r-electron Bs 
+ ; distribution hypothesis to the most important of the remain-types of bonds occurring in organic compounds, | as 
CCl, CBr, and CI bonds. The length of the a-bond between carbon and halogen in compounds of eS. 
a the types CX, and CH;X varies, as is known, The second type is, of course, more characteristic of organic halogen pe 
Pa compounds, For this reason we take as standard lengths of CX bonds those determined spectroscopically in methyl r 
chloride, iodide, and bromide, viz., Loc) = 1.779, Log, = 1.936 and Lc = 2.132, The lengths of the bonds in the BS. 
corresponding dihalogenoethylenes are = 1.640 and = 1,195; Igy = 1.80 + 0.08 and = 1,20 + 0,035 
coy = 2.03 + 0.10 and Ing = 1,18, The calculation of specific striction from these f figures seems scarcely y possible ‘ - 
a for CBr and CI bords, although the calculated value of Acpr is indirectly confirmed (vel) . 
A a 
For the calculation of Acy we use formula (6), whence Acy , , according to 
4 CX 
: 2 
Acx + Acc 4, and hence 
| Calculating from this formula we obtains Ca 
= 9-166: A cor 0.16 and Ac, = 0.18, 
We shall now consider certain experimental data, 
The CCl bond approaches the value of the ethylenic bond in ne chloride (1,¢4 = 1.69 + 0,02); isocrotyl 
chloride (1,72 + 0.02); 1,2-dichlozoethylene (1.69 + 0.02, or what seems to be too low a value, 1.67 + 0,08); 11- — 
dichloroethylene (1.694 0,02); uichlosoethylene (i. 12 + 0,02); tetrachlorcethylene (1,73 + 0.02; 1, 71 + 0,02), 
The magnitude of the g-electron charge calculated from. equation (8) fluctuates within the I limits Acci = 0.5 + ia 
+ 0.1m (in vinyl chloride and dichloroethylenes) to Acc) = 9.3 +0.1 m (in tetrachloroethylene), iLe,, it is in “aul oe 
. Cases greater than Acq; = 0,14 in ethylene, The same picture i is given by the chlorinated benzenes: hexachloro- - Tae 
benzene (1,70 + 0.03); 1,2,4,5-tetrachlorobenzene (1,72 + 0,04); 1,3,5~trichlorobenzene (1,69 + 0,03); m-and p- 
dichloroberzene (1.69 + +0 -03); o-dichloroberzene (1,71 + 0.03), and chlorobenzene (1,69 + 0, 03), 
The length of the CBr bond approaches that of the ethylenic bond, in vinyl bromide (1.86 + rn 04); dibromo- z 
ethylene (1.85 + 0.04; 1.91 + 0,05 and 1,86 + 0,04); and tetrabromoethylene (1,91 + 0.05), and in aromatic ; hae 


compounds; 1,3, 5-tribromobenzene (1.84 + 0. 02); p-dibromobenzene (1,88 + 0:02); o-dibromobenzene (1.89); 4,5- 
“4 dibromo-o-xylene (1.88 + 0.02); 5 .6-dibromodihyd-oindene (1,84 + 0.02); 6, »1-dibromotetralin (1.86 + 0,02); 3,3%- 


dibromodiphenyl 1.88)” The value of tie t-eleciron chatge of the CBr bonds varies tome Acar = % 6 © to Acgr = 
= 0.2 #, - 


; There are very ei available msici for the CI bond, and since the determination of Acy itself is insuf> - 
ficiently accurate we do not p:opose to analyze these figures, but shall confine ourselves to remarking that in *. 
gencral they are not in conflict with the assuinptions that will be made further on in this paper, ext 
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The reason why the value of Acy in halogen derivatives of ethylene and benzene is greater than that of 
Acy in ethylene and benzene may in all probability be sought, within the limits of the r-electron distribution 
hypothesis, in the passage of -electron charges of CC and CH bonds to CX bonds, As a result, in the series 
C,13X-C,H, Xz-C,HXj-C;X,, the m-electron charges of CX bonds (and also of CC bonds) should diminish, and 
their length should increase, In general, as appears from the above-cited data, these consequences are confirmed 
by experiment, insofar as concerns the CX bond (sufficiently accurate data are not available for CC bonds), As 
applied to aromatic halogen derivatives, it follows from these conclusions that the #-electon charge of CCl 
bonds in the ortho-position (or generally in the vicinal position) will be smaller, and the length of the bond will 
be greater, than in the para- or the meta-position, The data available for chieso-Cestvatives are not in conflict 
with this conclusion,¢ 


CO bond, In view of the lack of data for CO pda accurate to the third decimal,°® ....-- +, we 
are obliged to take the arithmetic mean of the values for the length of CO bonds in methyl ether (1, 42 + 0, 03: 
ethanol (1,43 + 0,02); ethylene glycol (1.43; 1,43 + 0.02); trioxymethylene (1,42 + 0,03; 1.46 +0.02); pentaery- 
thritol (1.46 + 0 03); paraldehyde (1,43 +0,02); methanol (1.44 + 0,01); ethylene ¢ chlorohydrin | (1,43); dioxy- 
ethylenemethylene (1.42 + 0,03); methylal (1.42 + 0,02); glycerol (1.43); tetrahydrofuran (1.43 +0, 03); dioxan 
(1.46 + 0,04,°1.42; 1,44 + +0. 03); and ethyl ether (1.43 + +0,02).. Loo = 1.43. 


Data for the Icngth of the hond in carbon monoxide, 1 = 1,129, in carbon dioxide, Io = 1,159, or, 
according to other estimates, loo = 1.1632, can be applied to A determination of the specific striction of the 
CO bond, An argument against the use of data relating to carbon dioxide is that it contains cumulated double . 
bonds, similarly to alleue, and, as will be shown later, £2S<.n for such compounds, On the other hand, carbon 
monoxide is generally considered as an anomalous compound, and some authors believe that its molecule may, 
similarly to that of nitrogen, develop a tiple bond, The closeness of the lengths of the bonds in carbon monoxide 
and dioxide suggests that this is a very doubtful assumption, and that, unti) more convincing basic data are forth- 
coming, carbon monoxide may be accepted as a substance with a *normal® double bond, for the purpose of cal- 
culating 

4co = Aco = 0,15, 

We shall now consider certain facts relating to interatomic distances in oxygen-containing organic com- 
pounds, The length of the CO bond in ketones and aldehydes varies within narrow limits: formaldehyde (1,21 + 
+ 0,03; 1,225); glyoxal (1.20 + 0,01); acetaldehyde (1,22 + 0,02); diacetyl (1,20 + 0,02); the values for CO bonds 
of carboxylic acids and esters are close to these: oxalic acid (1.22; 1.20); formic “acid (1.225 + 0,02); acetic 
acid (1.24 + 0,03); methyl formate (1.21 # 0,03); méthyl zcetate (1.22 2 0, 03), arithmetic mean Ico = 1.22 + 
+0.02, According to formula (8) Aco = 1,4 + 0.1%, The g-electron charge =2-Aco =0.64 
shared between two CC bonds (in ketones), and between CC and CH bonds (in aldehydes), between CH and CO 
bonds (in formic acid or its esters), and between CC and CO bonds (in other carboxylic acids and their esters), As 
may, however, be concluded from interatomic distances, competition between CO and CH or CC bonds leads to 
practically the whole of the charge A* being transferred to the CO bond, The length of the simple CO bond in 
these compounds, as calculated from formula (7), should thea have the limiting valve Ioo = 1.34% In fact, the 
length of the CO hydroxyl bond of forinic acid is (1.368 + 0,03); of'méthy] fotmate--~ (1.36 + 0,04); and of 
methyl acetate (1.36 + 0,04), This obliges us to regard ‘the determinations of the length of the CO hydroxyl bond 
in acetic acid (1,9 = : 1,43 + 0,03) with some doubt, ; 


Transfer of most of the » electron charge A* to the CO bond is also observed when this bond is vicinal to 
an ethylenic, instead of < vy] bond, Thus in vinyl ether Ico 1,40 +0.03 and = 1.34 +0,03; in furan 
Ioo = 1.40 + 0.02; and in dioxaciene ‘co = 1.41 + 0.03; and since 2AcH = = 0,28 x for éthylene [ [1], it follows 
from formula (7) that Ico = 1.43 —0,28- 0,15 = 1.39, for the limiting case of tansfer of the whole of the 1-electron 


* Only Pa {a fs the greatest length of the ccl bond to abs expected. The determination of the 
length of the CC bonds of this compound would be of particular Someeny it should exceed that of CC bonds of | 
other halogen derivatives of benzene, 

"© It is true that the length of the CO bond of ethylene oxide, as determined spectroscopically, is loo = = 1.4363, 


but the length of the CC bond of this compound, Ic¢ = 1.4728, is anomalous, which puts the “standardness® of 
the “ bond in question, 
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' © The data for acetone, 1 Co = 1.34 and 1... = 1.56, appear very unreliable, in view of this, 


charge from the CH to the CO bond, 


Competition between CH and CC bends in aldehydes is not $o strenuous, and for this reason, assuming that 
for each bond neighboring with a carbonyl one in aldehydes (ard ketones) A’/2 = 0.3 x, we obtain from formula 
(7) log = 1.50, whereas the experimental value for acetaldehyde is log = 1.50 + 0,02,.° This explains the fact, 
which was inexplicable to Welland [2], that shortening of CC bonds occurs when | they neighbor on — bonds, | 
but is.absent when they are next to an ethylenic bond, _ 


The shortening of the central CC bonds of glyoxal and diacetyl should be at least twice as great as in 
acetaldehyde, where loc = = 1,504 0,02. Assuming, however, that as with butadiene [1] the presence of *counter- 
current* #-charges causes increase in the m-electron charge of the central bond, at the expense of the vicinal 
ones (this is confirmed by the finding that the value of Ic¢ is 1,54 + 0,02 for the CHy-C bond of diacetyl), we 
calculate the length of the central bond of diacetyl as being loc = "1.40, whereas the experimental value “? 
loc = 1.474 0.02, We evidently have here the repulsive effect mutually exerted by the carbonyl groups,” 
which opposes the shortening of the CC bond in glyoxal and diacetyl, and even leads to the lengthening of the 
CC bond in oxalic acid (1¢¢ = 1.57; 1.59). Where there is no electrostatic repulsion, as in benzcquinone foo * 
= 1.503 = 1.32 and = 1,14), there is no anomaly; Sc¢ +Sco=8*. 


_Of the scanty data available for polyhydric phenols resorcinol 1co = 1.36; 1.37 and Igg = 1.39 +0, on. 
and phloroglucinol Ico = 1.36 and loc = 1.40 it seems questionable that the length of the CC bend should re- 
main unchanged, the more so 33 Aco = 0.5 m, as calculated from formula (8). 


- Formula (11) is not applicable to oxygen-containing compounds with cumulated bonds, similarly to allene, 
For example, for carbon suboxide (1, = 1.20 + 0,02 and Ing = 1.29 +-0,03) ZS = 6.4 + 0.7m instead of 8x, For 
keten H,CeC= 0 (icg=1.102 and = 1.353) £S = 3,75 m instead of 4 7, assuming that = 0.28 asin - 
ethylene and allene, Finally, in the carbonate ion (1¢g = 1.23),** assuming that its structure is represented by 


the formula ‘Ny » 3Aco = 41, ins’ ad of 6a. The length of the bond may here be affected by mutua) repul- 


sion of oxygen atoms, as the carbonate ion may be regarded as three carbonyl groups having a common carbon 
atom, 


The postulates and methods of calculation presented above can also be extended to oxygen-containing 
organic compounds containing other elements in addition to carbon and hydrogen, Thus, for methyl chlorocarbo= 
nate (I¢c} = 1.74 + 0,02; log = 1.19 +0, 03 and loot = 1.35 + 0,04) Acci + Aco + Acot = 2.4%, For phosgene © 
(lcci = 1.74 + 9. 02 end Iog = 1.18 + “0. 03) £S.= 2.173 other data are available for phosgene (loc) = 1.68.+0,02 
and log = 1, 23 +0,02), but they lea d to practically the same value of £5 = 2,27, as if the authors of the cor= ’ 
responding papers had been dealing with two electron isomers of phosgene, 


CN bond, Similarly as for the CO bond, the standard length of the CN bond was ween as the arithmetic 
mean of the values of Ion for trimethylamine (1.47 +0.02; 1.47 + 0,01); hexamethylenetetramine (1,47 + 0,025 
1,48 + 0,91); methylamine (1.47 + 0,01; 1.48); N-chloiodime thylamine (1,47 + 0,02); dimethylamine (1,46 + 
0. 03; 1 1,47 40,02); ethylamine (1.47 + + 0,02), triethylamine (1.47 +0. 02); and dimethylhydrazine (1,47 +0 — 
Lon= 1.47, 


‘ Calculation of specific striction i the CN bond from the data for HCN (1ay, = 1,154 and lop = 1.057), 
BrCN Gen BN and 1-5, = 1.790) and CICN (Icy = 1.163 and = 1.629) by the formula 


4con _— “leads to one and the same value for Acn = 0.10, which testifies to the good mutual ; 


Acx 


** Although the original paper [3} quoted three values for Ico in the carbonate ion (lcg = 1.23 + 0, 02; 1,23 + 
+ 0,02 and 1,26 + 0,02), it witi {nvolve no great error if we take all three as being equal to 1 23, § since the cal- - 
culation of 1, for this ion fs only for the purpose of illustration, and also as the value lco = 1,26 applies to a 
_CO bond uf which the oxygen takes part in a hydrogen bridge, The fact that lengthening of the bond takes place, __ 
with consequent diminution of its m-electron charge as a consequence of participation: of its oxygen in a hydrogen _ 
bond, is evidence in favor of the nature. of the latter, 
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agreement of the numerical valves for the specific striction of the CC, CH, CBr, and CCl bonds, - 


Although much moze diversity is to be found in the types of bonds of nitrogen-containing than of oxygen- 
containing compounds, data relacirg to thet: interatomic distarces are far more scanty, Calculation of the r- 
electron charge of the CN bond in kydoogen cyanide and cyanogen bromide and chloride, using equation (8), and 
taking ly = 1.16, gives Agy = 3.1%, Equation (11) is ts inapplicable to a number of compounds with the cyanide 
bond, In methyl cyanide (log = 1.49 + 0.03 and 1,4, = 1.16 + 0.03) Acne + ACN = 3,4” instead of 4x, but it may | 
here be supposed that, as in the case of dimnethyldiacetylene {iL the CH bonds of the methyl group, for the length 
of which no data are available, also possess cestain electron chozges, For cyanogen(Ioc¢ = 1.37 + 0,02 and lon 
= 1,16 + 0,02) ZS = 1,4 + 0,57, instead of 82, and for hydzogen cyanate Con = 1,19+ 0,03 and loo =1,194 
+0, 03) J Acn + Aco = 4,4 + 0.58 instead of the experimerta require further more accurate 
work, 


Calculation shows that for methy! isocyanide CHy-N-C* = 1.426 = 1,167) Acy = 0.45 and 
Ac'n = 3.07, and this is further eviderce that the G°N bord is closer to a triple than to a double bond, 1,e,, that. 
methyl isocyanide corresponds not with the formula CH “Not, but with the formula In methyl iso- 

_ cyanate CH NCO 1, C'n = 1,19 + 0,03 and lee t = 1.184 0. 03. Assuming that, as for methyl isocyanide, _ 
lon = 1.43, we obtain Actn + Aon + Aco = 4.9 + 0.54 instead of 45 apart from this, we have here a cumu- 
lation of double bonds, which led in tte above examples to diminution in the value of ZS, It is evident that in 
the given case there are grounds for considesing the C'N bord a triple one, and for writing the formula of methyl 
isocyanate as 


It is probable that the same concept, involving cumulated bonds, 2pplies also to urea (ign = 1,37 and 
= 1,25),in which Agy = 1.07 ard Aco = 1.2" ard, consequently, 2Acy + ACO=3.29 instead of 2", 
The assumption that the -electron cha:ge of the CN bond of urea is augmented at the expense of unshared 
electron pzirs of nitrogen seen:s for this rezson w be a quite natural one, aid astructure of urea involving syme- 
metrical distribution of m-electon charges to a cect2in extent resembles that of the carbonate fon, The full or 
partial (possiblg proportional to °councer-currenc™ n-electron chaiges) participation of unshared electron pairs 
in forming m-electron charges of individuzl bords is a conclusion strongly supported by experimental facts, We 
shall below present fresh examples, relating w mitogen, for which this phenomenon is especially characteristic, 
although it also applics to oxygen (25 in the case of polyhydric pkenols), It is not so clear whether unshared 
electron pairs of halogens can coriribme to 1 electron charges of bonds, — : 


The w-eleztron charge in pyridine (Icy = = 1,37 +0,03) is Acn = 1.0 end in pyzazine (14, = 


= 1,35 40,02) Acy = 1.2 + 0.205 this is futher evidence of the structural similarity of these pe to 
benzene, ; 


Acetamide and pyro! e are typical examples of compounds ra which the CN bond is next to a multiple 
bond, In acetamide 1,51 + 0,05; = 1.38 + 0,05 and = 1,28 +0,05) Acc + Acn + ACO =2 
In the sare way as in acids the 4 -elecron cka-ge is distributed asymmetrically between CC and CO bonds . 
which are next to carbonyl bonds, so in acetamide the greater part of the charge undergoes transfer to the CN 
bend (AcN 0,99; Acc = 0.27), In pyzcole = 1,42 40,02) = 0,50, If we calculate the length of 
the CN bond, as was done before, we obrzin the value lon = 1.47-0,28-0,10 = 1,44, 


In glycine (low = 1,394 0.2) Acn = 0.8m and in alanine (Igy = 1,42 + 0,03) Acy = 0,50, Before 
attempting to explain this we should be in poszession of more reliable data for the lengths cf the CN, CC, and 
both CO bonds, There are unfozmnately no. data whatsoever for amino- and nitro-derivatives of benzene from 
which the drawing of any conclusions could be poszible, 


NN bond, We have no dara justifying the acceptance of any particular length of the a-bond asa 
standard one; in hydrazine (1,,,) = 1.47 + 0,02) and in dimethythydrazine (yy = 1,45 + 0,02), from which the 
arithmetic’ mean Ly = 1,46, Spectzoscopic determination of the length of the bond in the nitrogen molecule 

NaN = 1,095 +0,008 and 1,098, oz, in round figures, = 1,10, 


‘In methyl azide Gow = 1.47 40,025 = 1.24 40,02; 1,26 +0, 02 and Inne 1.10 + 0,02) 
Acn= = 0,03 Anny = 2.37 and Ane = whence Suw =6.39, whilen=6n, In hydrazolc acid = 1. 1,128 ; 
and = 1.241) SNN = Ayn + Anne = 2.4 43.7 = 6.18, In diazomethane H,C“NEN Icy 1,34 and = 1 2%, 
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Acn + ANN = 57, while n=6a, It is evident that the Cli bords of this compound have undergone considerable 
shortening, 
In azobenzenes = 1.23 + 0,03 and = 1.40; 1,40; 1.43) = 2.69 and (for an arithmetic mean 


Ion = 1.41) Acn = 0. 6m. These results give an indication that the azo-group has the structure —N=N- and hence 
that an unshared pair (or pairs) of nitrogen electrons participate in the bonds, However, in azomethane (lyny * 

= 1,24 +0,05 and lon = 1.47 +0.06) Ayny = 2.47, and Acy = 0.0. Incidentally, these rather old results none. 
checking, 


NO bond, In the absence of otae values the standard length of 
' the NO bond fs taken as being that in O-methylhydroxylamine, Lo = 1,81. 
Specific striction of this bond may also be very roughly derived from Ino * 
= 1,22 +0,02 in methyl nitrite, since the other NO* and the CO®* bonds have 
the normal values lyos.= L37 +0,02 and = 1.44 40,02; 

Ano = 1,22 22 = 0,08, 

Since the length of the CO bond in nitromethane (lyjo = 1.22 +0,02); 
methyl nitrate (according to more recent data also.1,22 +0.04); and tetra- 
niuomethsne (1,22 +0,02) ts identical with that in methyl nitrite, it is 
natural . suppose that the structure of the nitro-group is expressed by the 


formula | and hence *unshared® electron paits of nito= 
compounds donated by nitrogen participate fully in making up the #-bonds, ‘ 


_ Equation (11) is fully satisfied for nitrous oxide (1y)pyq = 1,126 and lyjo = 1,191) Ann + ANO = 5.95", 
whereas in accordance with the formula N:N-O n= 649, 


The anomalous iength of the bond in trimethylamine oxide (INO = 1.44 +0,04 at Ioyy = 1.49 + 0,023 
according to older data lyjo = 1.36 +0,03 and Ioy = 1,54 + 0,02) may be explained as being due to. the special 
("semipolar®) nature of the NO bond in this compound, * 


The hypothesis of 7-electron distribution thus allows us to combine together and couiie from ‘ain 
point of view the data for interatomic distances in compounds with multiple bonds, In spite of the apparently 
large amount of such material available, there are serious gaps in the coverage of benzene derivatives cin ‘ 
particular of monosubstituted ones) and of compounds containing nitrogen and iodine, and there are practically 
no trustworthy data relating to CH bonds, Thus we see that this mass of data was accumulated in a most hap- 
hazard manner; one of the virtues of the hypothesis presented by us is that it can be applied to the solution of a 
number of problems, and can also suggest experimental approaches towaids the solution of new problems in the 
field of interatomic distances, which are of great theoretical importance, and which are ultimately concerned 
with the elucidation of the election structure of molecules, In order, however, to assess correctly the cognitive 
possibilities inherent in the 7-electron distribution hypothesis in its pzesent stage, being the initial stage of its 
development, it is necessary to have a clear picture of the assumptions on which it rests, of the reliability of the 
basic data, and of the accuracy of the final results of the calculations, 


Equation (11) 2S =n may be called an equation of additivity of m-electron charges, If it is satisfied. for 
a compound possessing different types of bonds, such as phosgene or nitrous oxide, or if agreement is obtained 
for the calculation of specific sniction of the CN bond, using this equation, from different independent data, then 
this should be regarded as being evidence in favor of the truth of the initial hypothesis and of the correctness of 
the constants Land A, Verification of the correctness of equation (11) is unfortunately not possible for a large 
number 6f compounds, owing to the absence of data for the CH bond, Cases are, however, encountered in 1 which 
equation (11) is quite obviously not satisfied (for example, compounds with cumulated multiple bonds. =>), The — 
reason is that in establishing a direct proportionality between the magnitude of the 1-electron charge and of | 
striction of the bond we deliberately ignored such ‘actors as mutual reactions of m-electrons belonging to one and 
the same atom, which cannot as yet be considered quantitatively, as well as irregular distribution of #-electron 
density along the bond, etc, We thus started with the assumption that the basic factor affecting striction of a bond - 
is the magnitude of its t-electron charge, and that all other factors are of only secondary importance, We also 
Postulated that the m-electron charge is confined to the limits of a bund, and that they are distributed in the - 


* The values for L and A for various types of bonds are reported in the Table in which ate reported as well as the a 
values of €4 —the absolute errors in the determination of the m-electon charge, if the absolute crror in the deter- a & 
mination of the bond length ¢€, = + 0.01, : 


TABLE: 
Bond L . ee A 
cc 1,542 | 0.149] +0,07 
CH 1,093 | 0,042] 40,24 
ccl 1.779 | 0, 166] +0,06 
CBr | 1.936 | 0,16 | +0.06 
— co 1.43 10,15 | 40,07 
CN | 1.47 | 0,10 | +0.10 
NN 1.46 | 0.09 | +0,11 
4 
— 


following way in acctylene; 

noi, for example, as follows: i 

0.86— 2.272 0.86— 
a+BH— Be Ha +B, 
where a and B are fractions of a r-electron chazge, or, at least, that these fractions are so small as to be 
negligible for the purposes of our calculation, The agreement of most of the data for interatomic distances 
with the r-electron distribution hypothesis is evidence ia favor of the above assumption, The existing excep- — 
tions do not invalidate this assumption, since they themselves may in turn be gencralized, as in the case of 
compounds with cumulated multiple bonds, or they may even be explained, in some cases, Thus the greater | 
length of the central bonds than the calculated values, observed in the cases of oxalic acid, giyoxal, and diacetyl, 
is explained as being due to the mutual electrostatic repulsion of carboxylic ard carbonyl groups, and the greater 
observed than calculated striction of bonds in isocyanides, isocyanates, and certain other compounds, to partial 

participation of unshared electron pairs in the formation of the m-celectron cloud of these bonds, In some cases 

“the experimental data on which apparent exceptions are based may be questioned, such as the interatomic distances 

_in acetone, the length of the hydroxyl bond of CO in acetic acid, the length of the CH;-C bond in p-xylene, ete, 


# xeason for the discozdance of certain data, and the non-applicability of equation (11) may also be a 
result of inaccuracies in the results calculated from equations (8) to (10) for m-electron charges, and this, in tum, 
is a result of inaccuracies in the determination of the magnitudes entering into theze equations, such as the experi- 
mental v2lyes for the length of a bond }, the standard length of the o-bond L, and the specific striction A, We 
shal therefore consider the effect of inaccuracies in the determination of each of these magnitudes on the result 
of caleulztica of the m-electson charge A by equation (8), 


L Int212tomic distances are determined spectroscopically with an absolute error of the order of thousandths 
of an Arsstum, but these methods are applicable only to. the simplest molecules, The authors of papers oa deter= 
minztion of distances by roentgcnogzaphic and electronogtaphic methods estimate the absolute exror 
involved at € =+0,02, +0,03 and even +0.04, In rnost cases, however, the absolute error indicated in the tables 
is on the hish size, and, in fact, of the nineteen abovye-quoted values for the length of the unexcited CO o-bond, . 
as found for a number of compounds, calculations based on the formulas of the theory of mean erors give as the 
pmnbable eroz of an individual determination a value of y co 72° CO9, As regards the absolute €, and the 


relative 6, of errors of determination of the r-electron charge, it follows from equation (8) that 
2 , 
€g=+—, while 5, =+ AA 100%, 


It is evidenr from the above Table, which gives €4 ‘wilipenadiihiand on the assumption that €; = +0,01, that the 
determinztoa of the length of the CH bond has to be performed with particular accuracy. Inasmuch as we possess 
as yet only isclated measurements of intezatomic distances for the vast majority of organic compounds, and hence 
cannot sibject these tc the usual mathematical treatment, it is reasonable to take into consideration aot the yalues 
of abscluie erors as given Ly the authors of tke appropriate papers, but the correspondence of data obtained nas 
bonds of oze and the same type in structurally analogous members of a series of compounds, 


2. For the standard length L of the a-bond we have taken either the arithmetic mean of a series of values 
for the leszths of bonds of one and the same type in conipounds not possessing multiple bonds, or else we have 
taken single determinations, usually obtained by the spectroscopic method, The values of L were derived by the 
former method for CO, CN ard NN bonds, and in these cases it is possible to calculate the probable error ry, of 
the arithmetic mean, We obtained the yalue Log = 1.430 40,002 for the CO bond, from the above-cited data, but 

. Since, as has been shown above, the probable ecror of each ‘separate determination of bond length for CO would be 
ty = 4 0,069, it follows that the value cf Loo should be taken only to the second decimal place::* . For the NN 
bond we were obliged to take the arithmetic mean of two determinations only, 


Experimental values for the CC, CH, CCl, CBr, CI, and NO bonds were taken for L, by the second method, . 
. Here too we took into consideration the arithmetic means, which, for example, coincide for the CC bond with 
log = 1,542 in diamond (roentgenographic method), but not with Iog = 1.573 in ethane (spectroscopic method), | 
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It should noi, strictly speaking, be corsidered that aay given value of L could serve as a standard for 
g-bonds of all compounds, Thus the length oi she CC a-bend ts different in ethane and in hexachloroethane, 
and it was hence necessary, in calculating the 1-electron charge of ethylene and tetrachloroethylene, to take 
different values for loc: In view, however, of the insufficient trustworthiness of the relevant experimental data, 
. and of the absence of even semi-quantitative generalizations relating to the relatively small fluctuations in the 
length of the o-bond in saturated compounds, it soomed to me om it would be premature to attempt to introduce 
the corresponding corrections, 


All that we said above regarding inaccuracies in the determination of the length 1 of bonds siete 
equally tu the effect of errors made in determining L on the result of calculating the a-electron charge A, 


3, Specific striction -A can be either calculated independently, as has been done above for the CO and 
NN bonds, or else, 2s in most cases, it can be derived from equation (11), as for CC and CH bonds {1}, Calcu- 
lation of Acc}, Acpy and Acy was made by means of equations containing the terms Acc and Acn, fom 
equations containing the terms Acy, Acpr Of Acc}. Whichever method of calculation is used, the trustworthiness 
of the values for the standard length L of the o-bond and of the experimentally determined values 1 of bond length 
are of great importance for the calculation of specific striction, The value of 1 is selected from individual results 
{mostly spectroscopic) for simpler Compounds (acetylene, ethylene, dichloro-, dibromo-, and difodo-ethylene, 
carbon monoxide, hydrogen cyanide, etc), As has already been said, the selection of carbon monoxide for calcu- 
lation of Aco cannot be accepted without reservation, Inaccuracies in the determination of data for ethylene, in 
particular for its CH bond,* may be the most serious source of error in calculating specific striction of a whole 
series of bonds, since any such inaccuracies are multiplied by 4 in the process of calculation, - 


Without doubt sufficiently mustworthy values will with time be available for 1, L, and A, but until then 
the values calculated from equations (8) to.(10) can only be regarded as giving a semi-quantitative, or even only 
a qualitative, pictze of distribution of m-electron density ainong the bonds of organic compounds, Bt will in 
time be possible to define more narrowly the limits of applicability of the basic hypothesis, and to explain the 
observed deviations from them, Even : >w, however, the g-electron distribution hypothesis can be appliedto the ~ 
explanation or even to the calculation of certain properties, chiefly additive ones, of organic compounds, giving 
additional quantitative material relating to distribution of z-electron charges on different types cf bonds in 
molecules; as will be shown by me in future papers this possibility is quite a real one, The a-electron distribution 
hypothesis thus promises to beccme a step forward towards the formulation of a semi-quantitative theory of the 
electron structure cf chemical compounds, Further steps along this path will be the study of the relation between 
the m-electron density distribution and the physical properties of a substance, the application of the methods ela- 
borated to the study of o-electron density distribution, the establishment of the laws governing reaction and ~ - - 
mutual transformation of 7- and O-electron densities, the elucidation of the electron mechanism of mutual reac- 
tions between atoms, and the broader understanding of the chemical properties of molecules, 


SUMMARY 


The z-electron distribution hypothests has been extended to organic compounds the 
CBr, CI, CO, CN, NN and NO bonds, 


2. The reliability of the basic data and of the final calculated results for ices cae aap of bonds 
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* Apart from the values (I¢¢ = 1.330 and 1,4; = 1.087), used for the calculation of bec and ion [1], we also 
have other data for this compound (I¢g = 1,353 and 1g; = 1,C71), which we do not take into consideration, since 


calculation of specific striction in the way applied in our first paper Jeads to obtaining mere values of Act ° aa 
which is absurd, 
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CHRONICLE 
240TH ANNIVERSARY OF THE BIRTH OF M, V, LOMONOSOV 


‘The Division of Chemical Sciences, Academy of Sciences USSR, held a session on the 27th of November, 


1951, in honor of the 240th anniversary of the birth of that great thinker and propangandist, the brilliant founder 
of Russian science, Mikhail Vasilievich Lomonosov, 


Opening the session, Academician-Secretary of the Division of Chemical Sciences of the Academy of 
Sciences USSR, Academician M, M, Dubinin safd; "The Soviet Union looks back with pride at the path. 
traversed by Russian science from Lomonosov’s tinie to the present day, This patn was marked by great dis- 
coveries and achievements, Lomonosov's scientific heritage is many-<sided, for he preceded the development 
of progressive natural scientific thought of our era, Russian chemical science has progressed to its present great 
successes from Lomonosov through the great chemist Butlezov and the founder of the periodic system, Mendeleev. . 
To Lomonosov we can tice the origin of physics, chemistry, minezalogy, geog:aphy, sstrmomy, metallurgy, 
linguistics, and literatuse®, 

Academician Dubinin pointed out that Lomonosov, by raising Russian science to the summits of knowledge, 
thereby raised the honor and g'ory of the Russian nation to an unattainable level, His genius, his devotion to his 
country and his nation, his uncompromising attitude towards the enemies of Russia, and his untiring energy are to 
us citizens of the g:eat Soviet Union a great and inspiring example cf endeavor for the good of our Fatherland, 


Academician A, V. Topchiey «aid in his lectures "M, V. Lomonosov — the great Russian Scientist", the 
creative work of M, V, Lomonosov pzovides striking evidence of the genius of the Russian nation, which has 
achieved its full development during the Stalin epoch, Lomonosov’s character was influenced by his Russian 
national milieu, by the way in which the country itself was then developing, by the special peculfarities of the 


technical and social development of North: Russia, which had not known the Tartar yoke or the oppression of the 
nobles, 


' Lomonxosov's life-story is one of unremitting struggle for possession of knowledge, for the approach of 
knowledge to objective, absolute truth, against a clique of enemies of Russian science, against bureaucratic _ 
control of the Academy of Sciences, against the adoption of a servile attitude towards foreigners, against the + 
depreciation of Russian science, His one regret, when on his death bed, was that he had not been able to 


: achieve all that he had undertaken for the good of his country, and that with him would perish all his useful 
7 projects, 


*But®, cussions A. V. Topchiev, *Lomonosov's useful projects did not perish, His brilliant concepts, 
ideas, and discoveries haye become the basis of present-day science, The ideas of the conservation of mass : "5 
and of yr ap of atomistics, of the origin of the wuld and of the universe exp:essed by Lomonosov two centuries _ . ae 
ago aze the basic ideas of modern physics, chemistry, and geology® 


i The diversity of Lomonosov*s work was so great that his Western contemporaries who read his odes nk 
poems, and his scientific works on astronomy, geography, and metallurgy were convinced that these were produced 
by different authors, S, L Vavilov wrote the following in a paper describing the diversity of Lomonosov's creative 
thought; "The great Russian encyclopedist had in fact a coherent and monolithic nature*, Lomonosov was the 


: most prominent materialist peeeaes of his period, His materialistic views formed the basis of all his natural- 
istic papers, 


; Loruonosoy's first scientific works, written in 1741-1746, and in utenti his letters to Eulcr, contained 
the clearly expressed ideas of the conservation of :ass and motion, S, I, Vavilov wrote in his articles on 
Lomonosov that “Lomonosov was a century ahead (of his contemporaries) in bracketing, as it were, all forms of | 
conservation of properties of matter, the most profound content of the great natural law. . .* It was in Lomono- 
sov*s works that the idea of conte:vation of mass was first announced, with exceptional clarity, and was made 
the basis of the elucidation of the most important physico-chemical problems, A, V. Topchiev regards the - 
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creation of the fundaments of scientific atomistics as being one of the great scientific advances due to Lomonosov, 


“Lomonosov was the first of the thinkers of his time", continues A, V. Topchiev, "to form a consistent 
picture of nature, based on atomistic principles, and he creatively applied atomistic concepts to the solution 
of the most important probiems of sclence to the structure of substances, to the discovery of the nature of 
chemical reactions, and to the analysis of the laws of heat, of atmospheric electricity, etc." 


Lomonosov believed that bodies consisted of corpuscles, which in turn contain a certain number of 
*elements®, insensitive particles*, Lomonosov's “corpuscles® are molecules, and his *elements® or*insensi- 
tive particles® are the atoms of modern chemistry, Lomonosov’s chemical atomistics were the foundation of 
all his gigantic theoretical and experimenial work, which initiated the basic trends of modern scientific chemistry, 


His physical researches were all connected basically with atomistics, from which standpoint he approached Pas 
the problems of heat, gravity, light, and electricity, He combined brilliantly a talent for experimentation with 
a capacity for profound theoretical thought. He was the founder of Russian natural history, The chemical labora- 
tory founded by him in the Academy of Sclences was a first class research establishinent, and in it he created and 
developed a new science —physical chemistry, which followed from his atomistic views, He wrote; “Physical . 
chemistry is a science which explains, on the basis of physical concepts and experiments, processes taking place 
in mixed bodies by means of chemical operations®, and, further, that he wished to Sinvestigate all that can be 
measured, weighed, or determined by calculation®, Lomonosov's experimental work led him to the law of the 
conservation of matter; this discovery has for long been credited to Lavoisier, who, however, only repeated 
Lomonosov's experiment 17 years later, without drawing the necessary conclusion from the result, Soviet research 
workers have shown that the priority for this discovery belongs properly to Lomonosov, with whose work Lavoisier 
was acquainted, and, further, that Lavoisier did not in his publications usually refer to. the original sources, 


Lomonosoy's talents were many-sided, and his activities were most diversified, His chemical researches 
were closely connected with the Russian mosaic industry. His ideas, and his powerful urge towards practical. 
work found their expression in gedlogical work, in prospecting for aud utilization of the limitless m‘neral wealth 
of Russia, in the study of the geography of Ru:sia, in plans for the conquest of the Arctic, and in the organization 
‘of Arctic expeditions, Lomonosov*s astronomical works combine practical application with breadth of philoso=- 
phical generalizations, °"Lomonosov's poetyr®, continued Topchiev,"is immortal, for the profundity and boldness 
of its scientific ideas, for its merciless opposition to reactionary forces, and for its patriotic love of his Fatherland®, 


Lomonosov endeavored in his poetry to inculcate a new attitude towards science, as well as to popularize 
new fdeas throughout Russia, Before his time there was no grammar, no one took any interest in stylistic purity, 
Having come to the conclusion that the latter depends above all on "a thorough knowledge of the language®, he 
undertook the compilation of his "Russian Grammar®, This was the first realiy scientific work on the Russian 
language; its role was of particular interest in the light of Stalin's brilliant works on linguistics... The: heritage of 
Lomonosov is indeed a great one; ail his wok was permeated by patriotism, by love for his country, The Soviet 


people honor the memory of the great men of the past, who aS difficult conditions created Ge scientific and 
artistic treasures of the nation, 


Professor N. A. Figurovsky then read a paper on Lomonosov*s chemical works, and on their significance for 
the development of science, He said that it was only with the beginning of the present century that proper interest 
began to be taken in Lomonosov as a scientist, although Russian scholars, men of letters, and philologists had for 
two centuries studied with profound interest the personality of this remarkable man, Most of the materials relating _ 
to the activities of Lomonosov have now been published, but the study of his work, his role as the founder of science 
in our country, is only now beginning, His ideas and theories have inspired many important trends in the develop- 
ment cf chemistry at least a century before they materialized, Lomonosov's slogan: *A real chemist musi be a 
theoretician and a practical man™ is particularly well understood and valued by Soviet scientists,. who are par- 
ticipants tn the great public works of Communism, 


M., V. Lomonosov —atomist and research worker, His atomistics was at the core of all his theories; as a 
real revolutionary of science he made use of every possibility, he drew logical conclusions, and gave explanctions 
of the most varied phenomena, In his thesis; "Elements of mathematical chemistry he first gave his definition 
of chemistry, as the science relating to changes taking place in compound bodies, starting from the proposition 
that in *mixed bodies® (i,e,, compound ones) all changes depend on changes in their internal qualities, The 
ee factors determining the internal qualities resided, in his opinion, in the properties of the particles of which the 
"3 | bodies are made, All bodies consist of atoms, which were then called elements, “An element fs a part of a. 
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bedy not consisting of any other smaller bodies which differ fiom it*, Aggregations of elements were called. 

: *corpuscles* —in modein terminology, molecules, Lomonosov distinguished between homogeneous and hetero= 
" geneous corpuscles; “corpuscles are homogeneous if they consist of identical numbers of identical elements, ae 
: _ joined to each other in the same way”, wsote Lomonosov, "Cozpuscles are heterogeneous when their elements 
are different, and are pzesent in different numbers and ate joined to each other differently; on this cepen“s the 
infinite diversity of bodies,” No one had before Lomonosov so definitely spoken of the existence of molecuies of 
. : simple substances, The incorrect formulae assigned in the first half of the 19th century were due to lack of clarity © 
i regarding the nature of molecules of simple substances, The most complete confusion reigned regarding the con= 

: cepts: atom, atomic weight, molecule, molecular wei; ht, equivelent, It was not until 1860 that an international 

} conference established order in the desist of precise definition of concepts and views first expressed by Lomonosov 


in 1741, Thus Lomonosov formulated the basic postulates of the atomic-molecular teaching aae years before they 
were officially acknowledged, . 

1 Lomonosov realized the Seeenbene to science of the atomic theory at a time when even to dream of its 
: dizect proof was impossible, In his paper "Attempt <> 4 theory of insensitive particles of bodies and in general 


4 of causes of qualities® certain aspects of the atomic-molecular theory are discussed in detail and extended, with 
, _ ‘particular respect to the mutual attraction of insensitive a and to‘the presence within them of forces of 

inertia, : 

i Lomonosov's work "Thoughts on the causes of heat and cold" was a further step forward towards the 


development of progressive materialistic thinking, At a time when belief in fire material —"iraponderable 
fluids" — was prevalent, Lomonosov took the unusual viewpoint for his times that "An adequate basis for heat 

is to be found in motion,,,..And since motion cannot exist without mattez, it follows that the basis of heat is to” 
\ be found in the motion of some matezial®; He puts this moze precisely as follows: “heat consists in the internal 


. motion of matter®, Thus we see that Lomonozoy made an important logical conclusion as to the nature of Ate 
! based on his atomic-molecular theory, 
; 


Lomonosoy may be said to have formulated the Seaieatanle of the molecular-kinetic theory, He postulated 
: the existence of the absolute zezo.of temperature, ¢s well as the absence of an upper limit of temperature, He 
repeated Boyle’s experiments on the celcination of tin and lead, and demonstrated the importance of air in these 
experiments, His conclusions as to the on theory of heat are of interest, as are those relating to pheno= 
mena of heat exchange between heated bodies; %,. a cold body B immersed in a substance A can obviously not 


F acquire a greater degzce of Keat than thet which A has®, This paper created a sensation among the ignorant 
foreign academictans, 


Lomonosoy explains, in a Ictter to Euler, that matter is inseparable from motion, and further develops his 
law of the conservation of matter and enezgy. The idea of the conservation of force and motion Is a logical 
consequence of the whole comptex of — listic world outlook adopted by Lomonosov, His law is no chance 
tematk— it is an essential part of bis natural philosophy, an indispensable link of his scientific materialistic —~ 
system, N, A, Figurovsky points out Pac it is to Lomonosov that we owe the discovery of those two ‘great laws of 
nature, the law of conservation of matter and the law of conservation of energy. 


Loimonosoy’s words resound with exceptional srength in the wonderful epoch of Stalins *Chemistry 
; spzeads her arms widely over the affairs of men, Whezever we look, wherever we turn, we see before our eyes 


evidence of its ruccessful application®, Our primacy tack is to develop the successful applications ard achieve- | 
ments of chemistry, 


Corresponding Member of the Academy of Sciences N, Plaksin, in his address on °M. V. Lomonosov — 
founder of scientific metallurgy", spoke of the Russian "ore-experts®, *pzospectors®, "miness*, and “smiths* who 
laid the foundations for the further development of Russian ore mining and metallurgical industries, the inception - 
of which belongs to a remoie pesiod of history, The smeiring of iron began in 1701 at the Kamensk and Nevyansk 
Works, and during the following years more than 20 icon zefinirg and 60 copper smelting furnaces were built, - 


‘ 

4 Russia led the world in copper produict‘on in the first half of the 19th century, The Russian cast-iron and iron 
industry was of world-historical importance, and it had a considerable etiert on the industrial revolution in execs 
’ The development of induszry in Russia was based on the accumulated experience of centuries, 


The speaker showed that Lomonosoy took the first place in the creation of the scientific fundaments of 

: metallurgy, He wrote in 1755: *,,,the openings of the interior of the eazth,..from them pour metals, which % 

are plentifully distributed not omy throughout our native land, but also to foreign nations, The Russians 
army directs against the encmy weapons forged fiom Russian minerals by Russian hands®, 
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Lomonosov's work "Fundamentals of metallurgy for ore workers®, published by the Academy of Scicnces 
in 1763, laid the scicntific foundations of a number of geological, mining and metallurgical disciplines, The 
book received a wide circulation, and for over a century and a half it served as a practical manual for workers 
in the metallurgical industry, In contra-distinction to his other scientific works, which were not understood or 
appreciated by his contemporaries, Lomonosov wa: rewarded for this book by a special edict of the or. 
Catherine II, his salary as a Civil Councillor being taised to.1875 roubles per annum, 


According to Lomonosov theory and practice must constantly be correlated, *From usta to 
establish theory, through theory to put observation on the right wack —this is the best of all ways of seeking the. ~ 
truth", He wrote that “a chemist should not be the sort of person who has gained his knowledge from the stucy 
of books only, he should have convinced himself by his own efforts of the truth of this knowledge", but at the 
same time he warns the student against an attitude of primitive empiricism, 


Lomonosov's way of presentation was that of a real scientist, who works with a definite end in view, who 


. .does not lose sight of this end, and who maintains a rigorous scientific discipline in his thinking, Lomonosov‘s 


book, in which he presents the system of Russian scientific chemical terminology created by him, {is one of the 
most remarkable books in the history of metallurgy, chemistry, and mining, for the novel and orderly way in 
which it is written, 


In 1777, however, 12 years after Lomonosov's death, a slandexous anonymous article was published, 
announcing that this book was in fact only a translation of a book written by the director of the Nieder Hartz 
Metallurgical Works, one Schluctter; later Listorlans of science (Academician V, L Vernadsky, 1900) showed 
that these books have nothing in common, Schluetter*s book contains 612 + 198 pages and 58 Tables, and it 
describes metallurgical practice in the Works under his centrol, whereas Lomonosov's book consists of 12 + 
416 pages and 7 Tables, and it expounds the essentials of mevallurgical industry, and also gives practical in- ‘ 
structions, He shows in the preface how certain authors had uncritically copied information on the preparation a 
#f ores from other works, and he gives in his book a unitary system of metallurgical procedure, 


LN. Plaksin concluded with a description of the contributions made by Russian metallurgical chemists 
to the science of metallurgy, which were particularly numercus during the Stalin Five’ Year Plans, 


Corresponding Member of the Academy of Sciences K. A. Kocheshkov presented to a meeting of ne 
Division of Chemical Sciences of the Academy a paper written jointly with Candidate of Chemical Sciences 
E, M. Panov on "A new class of simple organic compounds of lead*, on the 28th of November, 1951,- The 
speaker reported that they had synthesized 7 representatives of a new class of metallo-organic compounds of 
elements of the IV Group of the periodic system, of the general formula AtPbXs, by a very simple method, . 


_ Salts of lead organic acids were taken for the syntheses, which gave many advantages, The paper gave a 
detailed description of the new class, presented evidence of the structure of the compounds, and described a 
number of reactions given by them, It was shown for the first time that the reaction of dearylation of compounds 


of the class Ar,Pb may proceed with elimination of three radicals, to give lead organic ee in — lead 


is combined with only one aromatic radical, 


The compounds of the new class give the usual reactions of lead organic salts, Addition of dilute alkalis. 
or of aqueous ammonia to alcoholic solutions of phenyl-lead triisobutyrate gives a precipitate of the hitherto 
unknown phenylplumbic acid, The authors synthesized 5 new compounds of the class At,PbX;, and physical 


_ constants were determined for 3 of them, Lead organic compounds of the p-tolyi series of the class ArPbXg 


_were synthesized, 


Corresponding Member of the Academy of Sciences v. I, Spitsyn seed a joint paper with L D. Kollt, 
entitled; "Study of the processes of dehydration and thermal decomposition of certain heteropoly-ccmpounds®, 


_ These compounds are distinguished by a high water content, and little is known of the way in which this is 
_ bound, The paper reports the results obtained using a modified MacBain balance for the process of isobaric 


dehydration of lithium, potassium, and calcium silicotungstate and of potassium phosphotungstate and phos- 
phomolybdate, at 25-S00*, The results showed that in heteropoly-compounds contz2ining phosphorus residual | 
water is held much more firmly than in the case of those containing silicon, Replacement of potassium by lithium 


. or calcium, the fons of which have a more powerful polarizing action, leads to weakening of binding of water. 


The amount of residucl, most firmly bound, water in the silicon compounds studied {s 0,5 mol, and in the phos= 
phorus compounds 1 mol per atom of complex forming element, This effect corresponds to.1 or 2 hydrogen atoms 
being in a special position in the coozdination structure, possible in the complex nucleus of the compounds, = 
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The action of water on the residues obtained by calcinaticn of the heteropoly- compounds was also studied, 
Lithium silicotungstate gives an insoluble residue when heated at 200°. Potassium and calcium silicotungstates are ef 
partially decomposed at 300°, and sodium phosphotungstate is decomposed only at more than 300°, 


The aqueous extracts and the calcined residues were analyzed. Thermal decomposition of alkali metal 
salts of silicon-containing heteropoly- compounds gives a soluble silicate, and not silica, whereas phorphorus- &§ 
containing compounds yield soluble alkali metal phosphates under these conditions. It is evident that these 
reactions result from an appropriate position of the silicon, and also of the phosphorus, atoms in the compounds, 
and it is very probable that the position of silicon or phosphorus in the coordination nucleus of the heteropoly- 

. compounds in relation to the cation of the outer sphere is to a certain extent er to that of tungsten and 
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- with phosphorus pentachloride, and found that the products are trichlorophosphazosulfonaryls; the structures 


OF D. I. MENDELEEV PRIZES FOR 1951 ~ 


The Praesidium of the Academy. of Sebvecds USSR has awarded D. L Mendeleev prizes for 1951, for ~ 
following. works 


Prizes of Rb. 20,000 each 


a: To Doctor of Chemical Sciences A. V. Kirsanov for his series of papers eResearches on the transfor=- 
mation of sulfanilic acid, and syntheses performed with sulfanilamide®, 


2. To-Candidate of Sciences Yu, N, Ryabinin for his paper “On certain 
properties of dense gases®, 


Prizes of Rb. 10,000 each ee 


1, To Doctor of Chemical Sciences A, V. Kiselev for his paper "Structure of adsorbents and energy, of j 
adsorption, 


2. To Doctor of Sciences A. for his *Theory of acids and bases®, 
"Comparison of the strength of very weak acids®*, and *Stidies of isotope exchange in liquid deutero-ammonia®, 


A. V. Kirsanov's series of papers on the reaction between sulfanilic acid and phosphorus pentachloride, ~~ 
and on the study of the properties of wichlorophosphazcsulfuryl chloride formed therefrom, is an orginal and 
productive research, He showed that previous workers had been mistaken, and that the product was in reality 
_the chloride of trichlorophosphazosulfuric acid, and not a complex of sulfanilic acid with phosphorus trichloride, 
as had been believed before, Kirsanov establis’ ed the structure proposed by him by means of scrupulous analyses  ~ 
and by study of its properties, 


A. V. Kizsanov extended the reaction discovered by him to the study of the reaction “ arylsulfanilamides 


suggested for these products by earlier workers are mistaken, Kirsanov studied the reaction of thermal decompo= — 
sition of the chloride of trichlorophosphazosulfurte acid, with the object of obtaining an interesting product, viz. 
that obtained by elimination of PCl, A series of timers of this product were obtained, and it was named sulf- 
anuryl chloride, by analegy with cyanuryl chlozide, Kirsanov then presented the results of research on the so= 
called imidosulfanilamide (hydrolysis, methylation, etc.), leading to the elucidation of its structure and properties, 
One of the interesting applications of the reaction described by Kirsanov is his new method for preparation of 
nitriles of caiboxylic acids by tke use of trichlozophosph2zosulfonearyls, . 


Kirsanov's work is of a high scientific level, and was done with much skill, 


Yu, N, Ryabinin's paper °On certain properties of dense gases” is an experimental study of the properties 
of certain gases (air, nitrogen, argon) adiabatically compzessed at pressuzes of the order of tens of thousands of 
atmospheres, He was able to perfect known methods of ediabatically compressing gases at these ultra-high 
pressures, and he describes a reliably working equipment for the study of gases at pressures of 10,000 atmospheres 
and at temperatures of about 9000° attained during adiabatic compression, This apparatus permitted of the 
measurement of the volume and pressure of adiabatically compressed gases, of the study of their optical proper= 
ties, of the measurement of their electrical conductivitiesand of the study of chemical 1eactions (oxidation of 
nitrogen) taking place in adiabatically compressed air, The author found that at high pressures distribution of 


energy at different fsequencies follows Wien‘s law, This made it possible to determine th the temperature of the 
compressed gases, 


Electroconductivity measurements showed that adiabatically compressed air is fonized, and is therefore 
a super~lense plasma, It was shown that at voltag.s of 30-17, 800 V/cm ihe electroconductivity of the gas is of _ 
anohmic nature, It was also found that in gases of very high density the icnization potential is lowered in. a 
comparison to that of an isolated atom, and an explanation of this phenomenon fs given, Ryabinin found further - 


that the adiabatically compressed gases obey the {deal gas equation, Although this finding is not an unexpected rh 
one, in view of the very high temperature developed during the adiabatic compression of gases, Ryabinin was the - 
first to confirm this quantitatively, 
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_. the theory of acids and bascs, and gives a detailed critica! review of contemporary theorles, The outstanding 
tole played by Russian scientists in the development of the progressive theoretical treatment of the subject is 


His studies of the oxidation of nitrogen during adaiabatic compression of air are of considerable scientific 
importance, Ryabinin's work has resulted in the opening up in the USSR of a new domain of study — that of 
physical and chemical phenomena in adiabatically compressed gases, These important studies have contributed 
to the extension of our knowledge of the condensed state of matter, Thanks to them world scientific literature 
has for the first time received information on the properties of gases at super-high pressures and at very >. 
temperatures, - 


A. V., Kiselev's paper "Structure of adsorbents and energy of adsorption® is an outstanding % 
and theoretical study, being a striking concrete example of the superiority of Soviet over foreign science, . The ; 
original theoretical parts of the paper are those concerning an adsorptional-structural method of study of highly 
disperse and porous bodies, with, as a general conclusion, the concept of structural types of adsorbents, . Of 
considerable imiportance is the theoretical analysis of the effect of adsorbent structure on the shape of the {so- 
therms, and also of the stratification taking place in the gaseous or liquid phase in contact with the adsorbent, © 
The new phenomenon.of capillary stratification in adsorption from solutions was not only predicted theoretically 
but was also.demonstrated experimentally, and was studied in detail, There is also ass original thought in 


the *thermodynamics of adsorptional processes" developed by the author, gc 


One of the most important of Kiselev's experimental achieveinents 1s the design of a awe adsorp- 
tional calorimeter with constant heat exchange, and with a temperature sensitivity substantially exceeding 
that of any known calorimetric apparatus, A very broad and systematic survey was made of different adsorbents 
belonging to various structuzal types, and it yielded quite important results, Absolute values for adsorption 
and for energy of adsorption, both per unit area of adsorbent, were for the first tic measured and compared for 
porous and non-porous adsorbents, Of causiderable theoretical and practical significance are the researches on 


pofsoning and regencration of silica gel surfaces in adsorption of methanol, shown to be.due to formation of 
surface ethers, 


The systematic application of the adsorptional-structural method to the most pie. ea led to 


the obtaining of very valuable results, of immediate practical applicability, A detailed analysis of the processes 


of multimolecular adsorption and of ca illary condensation. was made, on the basis of the experimental results 
for the adsorption isctherms and the differzntial heat of adsorption. 


A. L Shatenshtein’s monograph "Theory of acids and bases® presents the history of the development of 


shown, 


The evaluation criticism contemporary theories are based on the work of 


_ the author, consisting of studies of solutions in non-aqueous solvents, chiefly liquid ammonia and sulfur 


dioxide; the most important results of this work are given in a summarized form in the monograph, 


The author gives a comprehensive picture of acid-base equilibria in liquid ammonia, this being of 
fundamental importance for the theory of protolytic acid-base equilibrium, since liquid ammonia is one of 
the most protophilic solvents known, Differences between the strengths of strong acids disappear in liquid 
ammonia, and the strength of weak acids rises sharply, thus making it possible to. compare the acidity of sub- 
stances which do not display acidic properties in aqueous solution, 


The results obtained are also of interest for the theories of solutions and of homogeneous catalysis, since 
they include the first quantitative data obtained for acid catalysis and for salt effect in liquid ammonia, Owing 
to the low dielectric constant of the solvent, ionic association takes place in even quite dilute solutions, and the — 
velocity and energy of activation of the reaction of ammoniolysis depend not only on the charge but also on the 
tadius of ions of acids and salts present in the solutions, 


The researches on solutions in liquid sulfur dioxide allowed the author to. formulate a concept of aprotonic, 
acid-ike substances which can, similarly to acids, take part in equilibria with bases, 


The study of weak acids was continued in the paper "Comparison of the strength of very weak acids, the 


_tesults of which were presented in a more detailed form in the article "Researches on reactions of isotope exchange 


of hydrogen in liquid deutero-ammonia"*, The measurement of the velocity of exchange reactions of hydrogen 
isotopes in this medium {s suggested as a quantitative method for comparison of the lability of hydrogen in different 
hydrocarbons, The importance of this method extends beyord the limits of the theozy of acids and bases; it opens 
the way towards the achievement of new results of interest to theoretical organic chemistry, 


The. work of A, I, Shatenshtein is an important contribution to the theory of acids and bases, as well as to 
the theory of reactivity of organic compounds, It opens up wide perspectives for the making of further generali= 
and the staining of new data of to theoretical organic 
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